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CIIAITEB VH 

«OLIC0Lli Am ATtmi. THE LAWS OF OAt-EUWAO AW0 
AWOAOIIO-tliillAlOT 

?ltPlifKiiii with ox jg«rs in t!«'i |iK:»|ifii"ilon of two vcihimcii tQ> 

ono. The iiirtit|M'mition by voltooo of iiitnms oxiilo i» cixfitHty itiifiilnr— 
It i« 0oii"i|Kiicifi of two v<ilut»o« of nit-n^goii anti oiu^ volinuo tif oxygmi, 
Ilj arii*itorilr4 by aotion t»f an oloetrk^ «|,«trk It in oiny 

to provci that It oiintaloi imti column of nltri^oii to thwi vokroni ^ 
liydmgeti. 8t\ iitnlkrlyi It ii fiwiitl, wlimitiir m witipwitl Is 
poiwi mml lit# voluim^ of tli# fwii it am 

that Ihi of IImi gii«» or mp«i» i»terkg into cotiiliiiiatloa 

em in ft vary iiltn|il#i |*iti|M»rilo« to tirio aimtltar* With wa.t«r» nitront 
oxida, A©., tlili may ks provucl iiy diNwt ol^wvaiion ; but Iti tb« miijority 
of mmn^ aiicl t»|H^ually with iiibatiinm^i wliirli, although volaiilo * that 

is^ of imMilog into n giimms (or vaporoui) shito lyro h<|«kl at 

owliimry Unnimm%mm% •aati a dinM?t iiiothcMl of olaormticwi 
mmty Iluh if tho tittisitliw of tho va|Kiiiri anil gftMii 

•Im krtiiwn, tlta samti iliiplieity In lli«if »tb i» ftliown by imletiktlon. 
iTho vokttiii of a anhitoiioi !• firopoftifiiiiil to it« woiglib lfivi*ri<,i|y 
|iro|N:irtfonftl to Ito dtiiwlty, anil thow^fom by ilivitling tint atiiouiit by 
woight of tmoh iuktoiiro o»t4!nng into too wapiiltloii ^ a eompouiid 
by it« liiiiiiity in tho gaaiMJiw or vaiairtiiii ttate w# shall obtAiin f^loft 
whicli %til| ti© iti too witiio |irti|t(irtkiii m Hit voliitims tif tlw 
•iintoririg Into ilm c*«tfi|Mi«itii*n of th«^ otittipoyrHi.^ H*i, lor oxiyn|4% 

♦ If Urn to Imlimtoi li| t\ Ow ttoimliy ti| l>* tott ¥i»tooiP b| V» ilwa 



mh^m M l«f a »» lli« t*f Ito l^j, t\ m 4 W If 0 

|to Hitt wwiilit mt »► nwbiw Ilf ^ pif#rr#il Ito w«slgl#l «il tlm tniM 

*4 llw |C'*li«|i|*}f I.| Fb itife iiiiiife 

mm hf wr-l^bl *4 to !»« « tiiill i*f Uni, H 

|h% ll If miiwtlkil III flimimi wlili ito *4 tof^ftamn ii:»ifi|MiAll¥ii mA wi 

^iitoolato mmMmm of vi^aoM «#» taltwi. la HUi ttopton ntaaigliiitl lli<i te 

liNklfhl to fif#ii la $mmB te ^Iti^ alMato w^Mni tml If m toi 
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mmcifmn.of mMmmm 


coataijti 0 ighi Ibj w#lfht of to mm p«rt hf wfttf hi 

of hjdropB, Mid thfir immMm %r® l«i m%i 1, ^i^iaws^f f^lr 
voluro.©» (or llio i^bovo-mfutloiiwl mm I witl and 

it m m^n witliout Mtm% txprlt»titl ilmi mnim%B i»o ^utrnmm 
of hyd rogin for ^Y«rj w© Yolmo© of So 

aitHo oxld© wo tains foortoro parti of iiitropii ind ilsianii «f 

oxypoi and knowing ihsl til© iiiwilOfmYiti## of ikmm i^it t w # » gmm mm 

fourteen and iixfcwn, %# find tint thm vtikinfti In mhhh i4lir*<i'^n mn4 
oxygm wmWn# for tli© formAllon of niirki iwiii© mm m ili«» pp»|^>rii«ii 
of 1 : L We will oit© anolfitr iiiaaiplu. In tli© Isii mimpur «« 
that the doniity of K(>| oolj coiinlAnl and I# iwmiiy* 

three (mhrmi to hydrogen) above 1 35-'*, anti at a iiiailitr of fai?t a nm%h*id 
of direct o^rvstion of th# volumetric c»tti|»iitit»» cif llii# 
would be mty difficult at m high a Iltil ii inaf hm 

easily mloulat^. NO^ as ii ietiit Ir^ Ito fortiiila »d analf •!% mimlrnm 
thirty-two parti by W'dfbl of oxygen to fuart^n part# hf witlglit ol 
nitrogen^ forming forty-six i^rto by wtigli of NCI,* and Imwifif lh« 
deniitiei of these giMiw w© find that on# Ycdueit ^ iilti^«ti wiili 
jolumes of oxygen gives two ¥#!«»« of oliri^ii p#mxltla, 

Itoowing th© amounts by wtlghl of lb« |iarlj«:i luting in a 

roaotion or forming a given iuhttoaoi^ and kmwimg ib# cd tJb# 

j(a8 pr mpour*^ tb© vdf atirio wkttoai M •obtiaii.^ idling in # 


expteiitoft of i&ia <a» irf m mkm i# m nm%f^ 

Thm dwsily ^ gM#»^ D, is siso luli^ la mhtmm to Ibt Atnrftf , *4 si^l US# 

V in mstofaU nniti («ih^ it to • 'iMtitwr el 

nf Toln»«a itit bs s 

-«4h«n thi volnm« of snsl«» ^ hyi^i«, otirf «4 mkm 

m unity, sH wtnmm «t to ili«w 

* A» the volomoWe rttoUws ^ tapetiw iti#4 mm te ^ f#lMit.w# f€ 
by weight, form the moa imnorti*t ©totine# of aftll a m^' mmm* 

ht the sttalnmsat of ohtm W tad ^mmwA m Hi## mlmmrnm eHtlto## 

(m dotsTOilnea by the donsitii* of psM scd t»pea#i> ttMtwiiyrttf H# a 

min% thi aontiUfi el ImmI iUm i 4 f«iw| »f« Imp^fnial 
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imction or ontoiing into tho comp^tiou of a compound, maj Ijo idio 
dotorminod* 

nodimti molting at &« mr>» genordly |i> tins toagcl 

oontitiiitaf Iho it* Im with In ihii ¥ii|K>nf of ^ a% a 

definite topirttlor©, %m% lntwi«|| iht> mvtior wlilch it boiling, lo cMamto® 

lh« l«»l>eralwti of tho va|«»ftr. Ft»ir tlun |?air|Kjmi thn Iwiiliitg inMn of wiilor al 

U,twtid imIutMuf oMilyp^mnirnbki 

U^iiidi at ¥iirlotii|f«iiiari« %m glv«a In Olin|ilw It, Kot4‘i %l. CZ) With t»«s|rtM‘fe k» kvmpoiu* 
pxibw wliloh m«»wrW IbwtrKiaoleri may bn oonfoiiionlly 
toy »«l dbaa^ ol>to#d (W ilji«i to Oni wolfbt titul %H»lusiio of » 

iOtoteao® bitof ol^wvml in n f itliW, ki tlkw feiii lo ultiiii liio tmlou- 
Iftliid I) fey m%m^ of «fe«t«io«* Mlluf al % Wgfe Iliut, lot 

totoo«o, to owHiMoy to ^|iw»tarii I of lb* tn^ur of 

k 9hm% iU*\ of ttlwMipfewn» p«iiii4obhWn of to oia-t^ido ooa*', ml- 

mimn TfO®, to© WF {a©mjnll»f Violb md otti«ni)» fir 1040^^ (anoofiliug b tbvHk), 
Aa (0) Tfea todtoMon# of to fef^ttwi thtTOornnkw mti«t Iwi cstnwiiltiffeil an ruo«| 
mmM tol m bplrcfon dlititoi thnnigfe IncAtid^winl fjbliniMn, nlirniif*ii li OBwaily 
(4) Tb« of llw wpiitin atwl m On* l»aUi ulimtlil ti* oi-ory 

b« stf*»l Wghof tl»M» Ihn lM>lllwg iHikit of th# lii|MM wlutiw .it-isnily ii l«> bo 

d#lormiis«d| to order ilmi lu* |M*nkm atomiti w^wiiin in a tinunl Bui amm in tbit 

mm, m It mm from to ttiwapte ol tdtrio portmMi (Chaptor VL), Iho vii^mr a»«aily 
dott mi dwmfn rtmlft wfife a toof© of l, w ii ©hottlil w«r» ton kw of to 

oipoiiito «d* to tafioiyf# ibiiotol«4y #««t II., ffote sa). tl ol 

a afetoeal to tom ilmto tital wbl^ wn mm to alM) pwittld# toirt 

ptooi to to fi#©w to mato toto^ to to wbtofe do to 

i, mA Atoi«# to ipitoldt »ito «rf I « to Amdij »»! ^ 

to mkid to battot to* to dl CS) fer to »i« ^ 

of oti*«rriili«fi, to d««d^ Ii d«l«rifiti^ al to |>r«i» 

it WiA 00 to bnl to to nf «if>ftt.aiaci«i «Wi?h m vi.toll« 

tiMil w4tt» tlittmtifry, to of t«feifeMio#« wbiob top, in gojn.rid, vary at 

'lowpialafit tiwiir toll fei»fltog itdiiH It It tmi or ototi l*’> rojidtir.i tbotonr. 

mitttifoo al lfl«> wbilii tor wfelob dtiot»tfigcM»o tl tiw ictvsoff’i* tba 

obiwvtlloiiit tot 0 lo to et#o<ltt#tol iwilwr m mm m l«w «Mi#iil«mbly liiiirf»i«4 ptwanro. 
{i| III itiMif «« II to 4fi dpiwato® to ¥^„«n itotiiy nt » «iib#t*ii**o a* 

odrnlmr* wife e^p ^®i, to ©«i^6«t% tolt to ^rlW |ir»^tt^ wWfdi iiity to 

«leakto tre« to wAmm ^ to wiilwi to feU ^ llio te^rmito Cto^f t, 

HtAo It tti«tod to ^pdaiy ii^pwptottl fcw iatototm wttoi mm m»ilf d'«c»w»» 
pmbK m town by Uto lAoiifimottnol <l.i*io^lfttit*ii, a to atil© ^ tmn^ 

«»ob(Hig«l ill Iho ty«tm|»bor«* of i'siw c»f it« ptowttli of fJi»Of.iitt]po«ltloii. Tb«i% Wofis 
Asto^nttliwI tto 4««nidty «*f |iho«|»totrlo <tit»ri*K 1^01^, to ftilmisliiw frilb Iho ftiiow of 
ptowfdwtrftfitt nWoridn. iH-if. II i« ortotoul, ffwtj lit# #*.fciti|il# of iiilrie Ibti 

t otooifts ‘*1 omy tlfc-st to tml tol dw‘i»t«|*r,ip|ti»oi,tuil Ilii3f«t^r«= i4«njOrttl 

toawilla MU «iiit*liffiw obt^itiwl (II to ttoirtoly l« vArlttt4#?| l>| rttoinii I aimI Uig | 
totti if ll» itiiillf d*»ti ftol wmIp# tow ¥t,fial4» rttnaitiorw fsl f<i ait 

iliii llmllitif f»s|«riiii«il*l ero.f). ihwn ilit« *b^imly 

to» f otiO-ws tiid imniritiifie ftlrto til n iitil'irt*lii’ii, *I1 pi town borrwff ♦’•r bvi<l d$*wti 

tdtof mly bi «iiidt tntj-Mmr ilooittli#. Ilol to mtjoiily d ri4to« »eli«l4»tiitoa stnfi 
m ooiiiibiiil duttilly tl t oorlian iilK»to toto ttdliitg j?«4}*to ii|f ki itjo 

of Tlm«, Wit* mimmf tUnm «*4 ¥#f| |.#r I 

III# urtlfiwf Mwi ItMMi” (ihmm m wi l.rii»|w«ffey tliH»rfi4!fri?4!i>*fi.i tmyomi 

fei«| i# pt«:i«iip»» i^»r|lii|i Immi #4 m* iilitis«|4t»rt» ii|i k/ 

tflww- It* towovwf, toially Atmm mrf wllb n *4 k «ti l» 

to f«#l B»f MW m #. isbto |pf Wi» invoaliuftllttii ml llw itlilrli mm 

l>f to «bfil*iMo Ifi m i«t*k trf vapntf, m »l lotmi m «#* titJlt%li<iii of i, 

dvvbtott to toi il toi 0iy»£MM4i {tm to m^rndm dT 


302 


rniKrtri.fci of niKXisTRV 


Socb ftntni’»tig»ilioiiO'HI*‘’r lUrwet, nr hy emkmliilwm ftnaw* 
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tiou of doflnito choinica! coro|K)uncls, ihowi that the volumes of the react* 
ing subj^taacci in a gi^tious or vft|>orous itato ari ©ithor equal or arc ia 



1 ^, m 

ilfferwliil Ilf tipilf tiitttitif i. 

ltaw«Al IijIw, itiwPlisif# Ititf* 
%kHI‘5h l« rwilltimlrit mi 
{» H'ilh mwfvt»ry }nvnrl«d 

til it h stiiiitU t«Ute 

(4r|.>»' lt‘-1 \n MftlMrnl fcli*" im thi» 
ttsfl } 

uf f H |n|4 ft ‘t i«af li 

f,. 

|l,tt T- V«ms«r»i. 

*tf IIh*. til >tf 4, 

N |' 4 Sti 4 |t 4 l‘‘H 4 #H III** 

i»t ttn ttm t$ti^rnnt $-ul« lit# 

p| k 



fm- ||.-*Vlfitw 

Tlti 

ttilMS ls» h)r#i<B9| lit lt}» m 

thinhi *4 r-tmt4Ht hnUln.i |*"4nl4 
A t'a 5 f»i«i?s!i}ii y.ii 

III Im ii|fe 4 S»^ |» t rtU»#»l 

|i» ffill fM'in tl. Th» at 4 k|t|«rt 4 1% 
Ui iflP r| Jlti 4 rf »% 1*1 lit# 

Ifwigb/ 


^»#i 8 l 4 nii 4 I* »♦* tli*» tewali w!i»» Iwmlml m » k 

mrni ^«t** ii $m4mU^ pyl«iar«f hmlm^ I# «,«t •Iwiptf ^ Tprfk«||iAii 
ilii»wii ill fig. il, MU\ ilin at miUmm liy Hi# v^pew mkm 1 ^ 

liyiiliiii il k li»l «1 m Itiw ilr^iwl I. 

fhm fmtkid tif |^| hfVk^m Mtpr Ii t^^lftti At fafl 

mmm i !• Iiimlttl l«i %> l#tti|#»tor» # lli# ©I * llfili # 

fwiwlAfil tolliag pilttlK mi lli« ftr m* «»©te«pi la Alt §^#1 Ii iitew^ ^ 
^tfeOa Ihli ^ ^ 



mndUhnif in u «#r mt^mmms r-r *-wmf h 

miufm$» Ttili U,^ ptfuw iwl »i>l| t«i l»-iil t** 

wnteriiig iato maitial ■elwnitetl e«iiiii4i»tiiiii ^ tli«it, mm 

¥olum©rf aa»0iiii^ ^ «»iiili4ii« wlilt «iiip *4 flil^ -flife., 

I'or in ite ©f >“ ll*< 1, 

IT wwftiby wcilgbii*! «iii»ciiii»i Nll|, whkli i» 5 lime# 




density is 18*25 Umm llmi «4 m hm hf itli^ 

eacperi«fteni llj tli«* wpigiitu hy llp» t|e:||.il!i#ia mn 

find tlii.t fcb# foltsm# «f f«rtiii<iiiii^ Nll|, k i*|iial fe» 
vohm%dhjit^m Matlth, fi«i*^ lli# milmrnm r4 iIp 
■which hw© ^©binye mm m^tml t« imcli isiber ‘IWIInj bito 

ooniidmMon Uml ^ kw tif lioitto ii ^4 im 

element^ kit dm f«r «wnMiiiii4fi» il ftlmiiy tm m Mkmin i 

Sttbskimm mImiM mm nm^kmr *«i tA^k 

vapmrA^ 
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The kw of coiBMolag vt)iuto» and tbo law of multiple proportion 
wore dlsoowrdl indepondoa^y of — the one la Fmaoo by 

Gay-Lmwao, th© ot^t la Eagknd Dal^a — almost simultaneously. 
In tho laaguap of th© atomic bypot^oti® it may bo said that atomJo 
quantiti^ of ©kmont® <wupy equal or multipl© irolmnc^ 

Tho first kw of Oay-Lui«ao 03cpras©s th© relation between tho 
’Tolumoi of tho oomponont ^wrti of a compound. Let us now consider 
tho relation existing betwowa tki wkmts of th© component parts and 
of th© comj^unds wMoh proo^ from them. Thk may wimetiraes bo 
dotemincNi by direct ob^rmtima. Thus the rolum© occupied by water* 
formed by two 'Volume® of hydrogen and on© volume of oxypn* may be 
detorminod' by the aid of th© apparatus shown in fig. 56. Th© long 
glajw tul» is dosed at tlm top aiiid open at the bot^m, wWoh is 
Immorted in a cylinder con^aing mercury. The oloicd end is 
fumWicd with wiria like a ©udiomotor. Th© tub© is filled with 
mercury, and than a cerMn volume of detonating gas is introduce. 
•This gas k obtained from th© de^mpotition of water, and ihereforo in^ 
ovwy thw vd«mi» contains two volume of liydr<^n undone volume 
of oEygott. Th© tub© k itnrounded by a icoond and wid»r gls«® tub%| 
and ^tmpour ftiuJ^ton^b^ltogak^v# 100*— ^tk, wh»eboiU»||’ 
pdnt i« hlghw than that of watv- — p«^d Ihimugh ^© annular ipac^ 
betwim them. Amyl alcdbd, whoto boiling point is 132®, may be? 
taken lor drii purpem Tho amyl alcohol is boHod in tho vmm\ to the^ 
right hand and it# vapwar |mj^d between th© walls of tho two tulm 
In tit© case of amyl 'idodbol di© outer gkis tube dmuld be eo»n«?ttd with 
a ©oiul«itf to ]^v«nt th© i^tp© Into th© air of th© unpl»janl'tintlli»g 
vapour. d^onating p« k &^©d up to a tempmturo of 
1 3 ||« When volume iMmuwi cKm^ant It k meaiurod, the height off 
the column df mercury in the tub© above the level of the mercury in the 
cylinder iMiing noti«l. Let thk vnlume equal v j it wiU thtrttor® con- 
tain 1 of cwypm and § p of hydrogen. The ourrmt of mpouritthen 
itop|MKl, and the gai exploclml ; water is fcirrotKl, which wncliiniM Into 
a Hquki. Tho volume TOoupitd by the va|>oiir of th© water formixl ha^ 
now l4> Imi deturmlnod. For this pur|K')«o tho viqKmr of tho amyl ideohoii 
k again |«»»id betwoon the tulms, and thui th© whole of the waten' 
tmmml k converted Into viqgiur at the mm§ temimrature m that 
whkh detonating ga« wai mmaur^l , uul tho cylindiir 'Crf nicrcuiy 
being mliiMl uati tlit cxduiiin of morouiy in tubestaiMlsftt diciam«| 

height akiv© the mt^mm fit Ih© mercury in the cyllntliir m it did tefor® 

the onpli^lon, It is fouitd that the volume th© water forinod it 

lo I V— 'that It k oqual to volume dl the bydi^en miteked 
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fa It Consequently the volumetric composition of water is expressed 
in the following terms : Two volumes of hydrogen combine with 
one volume of oxygen to form two volumes of aqueous vapour. For 
substances which are gaseous at the ordinary temperature, this direct 
method of observation is sometimes very eaisily conducted } for 
instance, with ammonia, nitric and nitrous oxides. Thus to determine 
the composition by volume of nitrous oxide, the above-described 
apparatus may be employed. Nitrous oxide is introduced into the 
tube, and after measuring its volume electric sparks are passed 
through the gas ; it is' then found that two volumes of nitrous oxide 
have given three volumes of gases— namely, two volumes of nitrogen 
and one volume of oxygen. Consequently the composition of nitrous 
oxide is similar to that of water ; two volumes of nitrogen and one 
volume of oxygen give two volumes of nitrous oxide. By decomposing 
ammonia it is found to be composed in such a manner that two volumes 
give one volume of nitrogen and three volumes of hydrogen ; also two 
volumes of nitric oxide are formed by the union of one volume of oxygen 
with one volume of nitrogen. The same r^ations may be proved by 
calculation from the vapour densities, as was described above. 

Comparisons of various results made by the aid of direct observa- 
tions or calculation, an example of which has just been cited, led Gay- 
Lussac to the conclusion that the volwm of a compound in a gaseous or 
vaporous state is always in simple muUiple proportion to the volume 
of each of the component parts of which it is formed (and consequently 
to the sum of the volumes of the elements of which it is formed). This 
is the second law of Gay-Lussac ; it extends the simplicity of the 
volumetric relations to compounds, and is of the same nature as 
that presented by the elements entering into mutual combination. 
Hence not only the substances forming a given compound, but also 
the substances formed, exhibit a simple relation of volume when 
measured as vapour or gas.® 

When a compound is formed* from two 6r more components, there 
may or may not be a contraction ; the volume of the reacting substances 
is in this case either equal to or greater than the volume of the resultant 

® This second law of volumes may be colisidered as a consequence of the first law, 
The first law requires simple ratios between the volumes of the combming substiinces 4 
and B. A substance AB is produced by their combination. It may, according to the 
law of multiple proportion, combine, not only with substances 0, D, &o., but also with 4 
and with B. In this new combination the volume of 4J9, combining with the volume of 
4, should be in simple multiple proportion with the volume of 4 ; hence the volume 
•the compound AB is in simple proportion to the volume of its component parts. There* 
fore only one law of volumes need be accepted. "We shall afterwards sea that there is a 
•third law of volumes embracing also the two fir^jt laws. 
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not destroyed, or is only altered to a slight extent ; hence, notwith- 
‘Standing the contraction (compression) involved in its formation, 
nitrons oxide supports combustion. 

The preceding laws were deduced fronl purely experimental and 
empirical data and as such evoke further consequences, as the law of 
multiple proportions gave rise to the atomic theory and the law of 
equivalents (Chapter lY.) In view of the atomic conception of the 
constitution of substances, the question naturally arises as to what, 
then, are the relative volumes proper to those physically indivisible 
molecules which chemically react on eadi other and consist of the 
atoms of elements. The simplest possible hypothesis in this respect^ 
would be that the volumes of the molecules of substances are equ ^ ; or, 
what is the same thing, to suppose that equal volumes of vapours and 
gases contain an equal number of molecules. This proposition was 
first enunciated by the Italian savant Avogadro in 1810. It was 
also admitted by the French physico-mathematician Amphre (1816) 
fe)r the sake of simplifying all kinds of phyadco-mathematioal concep* 
ticms respecting gases. But Avogadro and Ampfere^s propositions wera 
not generally received in scienoe until Cerhardt in the forties bad, 
applied them to the g^^ralisation of chmnical reactions, ai|d bad 
demonstrated, by aid of a series of phenomena, that' the reactions of 
substances actually take place with the greatest simplicity, and more 
especially that such reactions take place between those quantities of 
substances which occupy equal volumes, and until he had stated the 
hypothesis in an exact manner and deduced the consequmces that 
Necessarily follow from it. Following Gerhardt, ClaAisius, in the fifties, 
placed this hypothesis of the equality of the number of molecules in 
equal volumes of gases and vapours on the basis of the kinetic theory 
of gases. At the present day the hypothesis oi Avogadro and Gerhardt' 
lies at the basis of contemporary physical, mechanical, and chemical 
^conceptions \ the consequences arising from it have often been subject 
to doubt, but in the end have been verified by the most diverse methods ; 
and now, when all efforts to 'refute those consequences have proved 
fruitless, the hypothesis must be ccmsidered as ^ferified,*^ and the Icm 
A^ogwSm-Gerhcvrdt most be spoken of as fundamental, and as of grea^ 
importance for the comprebensicn of the phenomena of nature; The 

® It must not be fcacgottea that Kewton’a law of gravity was -first a hypothesia, but U? 
became a trustworthy, peifeoir . theory, and 'ac<p 3 ired the qualities of a fundamental law 
owing to the conooocd between its.dednj6tioxift and actual facts. Alt laws, all theories, 
mtuxal phenomena, sr e at first hypothfises^ Some are rapidly established by,theix oonse^ 
guenoes exactly agreemg wilh facts; othe 2 » oidy taka root by slow d^eess: and ihes^ 
are xtmxg whi<h ore destinediohu xefiiM cndng to tbsh cooeeqqencea behig found tq 
be at vadoece wi& facta 





law tmy now fet feme-latedl imm twti I ti « <1 fit | !^ 

from Sk m^t i *if {x 4 % A|-^if » i *" * f. 

pemfcuiw aoci mvmm §k§ m$fm nu*^hf^^ */ m f-tw’-i . *' 

particle of matter wWoti aft iitllliw tii»i*li*ii 4 ^' t>' f ^ 

divlilbit— prttioos to tbtmitil I« *li^ § U , f. • 

oheml^l the rnmn hm mmy t« ilw« ft' f. •# 

r$miwm s^v«|y, *»f j - 

Fwoarpuri^^ Hie cliwiilml h 1!-^^ ir ■«i? 1 

portMil> mA thtrrfort, bitort dwl#|iliii ili« kw lit 
w# wlU ioi&ddir tfe© t^itaitodi phmmmmu^ inm whu-h il*«^ 1-4* ta 4*r.|ii. 
or wMohit mt^m to wpkto* 

Wbea two i^ktei aatoita^oM inltmri wiili mti% 4 jrr^ ?|^ » 
taftily'^^tor to»tim<m,aaal|yyii «id an iiciil' 4 hmm 11 It I it*?, t 
itaoMcm ii’iw^mplWbtcl bilwtitt i^aiyiilillwi wlii«fli In * ii#»r*rtit ei^ 



mewmtr axajwttut tto l!!!i^ ^... “! “*”*‘t***^ * '*'•**■*’• • 
b« ttxwrtt th 4 t Bt« *****, ***** **»■*»)'<■■»!»> a ■ 

^ volma*. ot «ui tw> ^’* ' ''’' '*’ “* 
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thi^y mnm^ rti«fc>rm il by H'M^r ditmt a^lcm m imob oUtor (Uio mmtkm 
k iiot revfi«ibl©)» -still tom IIm> dk©et prwitioto of ito dewiiipodtkni, 

arid ilitty woiipy w|iiiil But aold, ii itiotf 

of lwniN»rii\ Ojilfn, aiid r^rrlKmilci wiIijcIiHkIci, CX')^i whioli idso 
mioii|iy volutnim.® TIiow b mi itmmtm^ liumbor ol tiadtor 

rmaisiplt't'i mmmg tliiMr to wlMmi sti«ly Ibsrlmrdt 

lik witolo lif«^ mmI work, and Imi clkl mA idkjw «uoIi facts m 
^nm% to #iK*ii|}« Ilk ailwitloii. BliU riiort^ in tliii pli«iiw:»w«Mr 



atikriowlficlgiiig tiwi kw of Aw^atlrti-Ctolmrdt. 


litti ili« arkiWf Wlial k ilio mlatkm dt voltti»€« if thii 

of two iiili«tan€?«ilali«|»l»tHiia ttiorotlmir ono jirtf»orikm,a«icmi- 
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mdrshp*, CH*. *«d rhfomw. t*i,. •wwiij if ' •'».! H, t H, 

■■ OH, Cl + IICI. A jSr* *5 <1 » i *i» *•»»» 

4 iftrmgit Ur.rl,afn!» I»| i«j 

thfi di»o¥©r| i»f lili tm hf mtui 

hy ol^rtliii llml to * I 

fill 

Ettf. If w hy4m^mi gi%0 

tib.§ »Slt#tst l» writ) ^4 ’^-“v 

tecmuft* tb* ii8«#mir<» t!,r, 

mmiot l>i m.^ •lri«?ll| lirtliiwi It imj l« i.rrJ,c,f 

dfiflnitelj »^nis«l nm ^ipirl»#til^.tlf rtM4ksisw4, iIj-hI 
oxygen irsi gl^ii iiiirif- mill#, 

mimm M|CI| awI Nt\, a* -f niim.. 

^ wilti «yptt mm miy I# i>n it Ua*« ^4 il^r. i.% 1 1) so 

imm H*0| Mid KO| iiwtl| »lili If ii |ji@ fJt*i Ktl 

(ii^iad NiO #f KOtl I# •»! ^rmmi itirn ^hm imusum wmU 
wm&m Ikfilaw tuifi# e»kl» 

equal altn^it mjripti #fe\ iil»\ It mmy W 

that* In tb.i'©c»blmll« ti kyim^m witb $% 9 ygm, 
ito iift fonodl vi;iliitii« Iff *ti«l «viyg«-t^\ i i 1 * 

bjr ^ h«ai #i#lt^ lal# water «iil 1 1«»» r i|4%4i«i 

the pifflilil# fC%a|.tef I%4| |« a|ii>-.<»| 

aU camd ^ m ©mfeiWto dT hpk^mitm , fr>r 

ii OMuq^ It iwite? li %m kmmmi a%d l.b« |ic#'' 

oxide dT hydi«te> *»•»•«* ap U> wm (rt,4» * fiT*r«4,»» l. %9 ll^.f la^Si 

ob^rrtd^ wii^ ^ ftif»ilii» UJj ifWU i$*^K I* / ^-aseiliP 

prodneedLW 

Thai » wk^ Mri*w «f i<wnjtt»»w »ym tl»«i il»» n^tmau- »1 
Ittbetanoei eotaaUy teliw «• « Ww«m> «ii»*I 
batthis dow Botpredode ^ fmeibAtf of lfc« fiM|iiM»i .4 «o. 


a lattaffateekohl iiuwi}«^lt*><t (lOMioiB* !!#•» xtiUoM ■.«» «wi * «»,, ,, 

««<» a< 4 W.IW !, , .«,. .< u. 
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«qiial volumes, althoiagb, in this case, it is often possible to discover a 
preceding reaction betwe^ equal volumes 

The law of Avogadrb»Gerhardt may also bpjgSsily expressed in an 
elgebraioal form* If the weight of a molecule, or of that quantity of a 
substance which enters into chemical ration and occupies in a state 

” The possibility of resctiozifi botwe^ nnequal volumsa, notwithstanding the geneiol 
pplication of the law of Avogadro-G^erhardt, may, in addition to what has been said 
depend on the fact that the patticipatiz^ substances, at the moment of reaction, 
undergo a preliminary modification, decomposition, iaomerio (polymeric) transformation, 
&0. Thus, if NO3 seems to proceed from N304,,if Oq is foimedfroln Og, and the conversej 
then it canxtot be denied that the production of molecules containing only one atom is 
also possible—for instance, of oxygen— as also of higher polymeric fotms— as the 
molecule N from N2, ox H3 from Hj, In this manner it is obvhuisly possible, by means 
of a series ol hypotheses, to explain the cases of the formation of ammonia, NBj, from 
8 vola. of hydn^en and 1 vol. of -nittogen. But it must be observed that perhaps our 
information in similax instances is, as yet, far from being complete. If hydrassine 
or diamide NgBU (Chapter VI. Note 20 is formed and theimide N9H2 in whidi 2 vola 
of hydrogen are combined with 2 vols. of nitrogen, then the reaction here perhaps first 
takes place between equal volumes. If it be shown that diamide gives nitrogen and 
ommonia (8iN^S4*°N3-f 4NH3) under the action ol spoils, fieat, or the silent discharge^ 
then it wiU be possible to admit that it is formed before ammonia. And pethapaij 
the still less stable imide which may decompose with the formation ol 

ammonia, is produced before the amide N9H4. 

I msntian this to show that the ffUst of apparent exertions existing to the law of 
reactions between equal volumes does not prove the impossilnUty of their being included 
under the law on furrier study of thesubject. Hairing put forwaai^ a certain law ox hypo- 
thesis, consequence must be deduced from it, and if by their means clearness and con. 
eistenoy are attained — and especially, if by their means that which could not other^se he 
faiown can he predicted-— then the consequences verify the hypothesiB. This was the cose 
With the law now under discussit^ The mere simplidity of deduction of the weights, 
proper to the atohiB of the elements, pr the mere fact that having admitted the law it 
follows (as will afterwards be shown) that the viva of the^ molecules of all gases tsi 
a constant quantity, is quite sufiMsnt reason for retaining the hypothesis, if not for| 
believing in it as a fact beyond doubt And such, is the whole doctrine of atoms. And 
since by the acceptance of the law it became possible to foretell even the properties and 
atomio weights of elements which had not yet been discovered, and these prediotiona] 
eiterwards proved to be in agreement with the actual facts, it is evident that the law ol 
Avogadro-G-erhordt penetrates deeply into the nature of the chemical relation of sub. 
stances. This beihg granted, it is possibie at the- present time to exhibit and deduce the; 
Uruth under cemsidWtion in many ways, and in every case, like all that is highest in. 
science (for example, the laws of the mdestruotibility ol matter, of the conservation of 
ijgnergy, of gravity, &o,), it proves to be not on empirical conclusion from direct observatioffi 
end experiment, not a direct result of analysiB,Dut a creation, or Instinctive penetrateJ 
of ihe inquiring mind, guided and directed by experiment and observation— a synthesiei 
of whioh the exact solenoea are capable equally with, the .highest forms of art Without 
such a synthetical process of reasoning, science would only be a moss of disconnected 
tesults ol arduous labour, and would not be distinguished by that vitality with which 
It is really endowed when once it succeeds in attaining a synthesis, or eonoozdanoe ol 
outward form with the inner nature of things, without losing eight of* the diversitiei 
of individual parts ; in short, when it discovers by means of outward phenomena^ whiefij 
are apparent to the sense of touch, to observation, and to the ooixinnrdi mind, the intencab 
signification of things— discovering simplicity tn cotoiplexity axrd umfomity in 
And this is the highest problem of science. 
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PfiiNeirLEs pr ciirsiirruv 


of ¥a|»yrt tl^COItllllg i^i lh« liiw, a Vuluus*:^ tlvAl ^ ^‘4 \>\ %\vn 

f|lokfC«li?a Cif iitliiir thi^ Irlirr-a . 

or» ill g«ii«?riik M» mitl if Itw ’ ’*■» ^ 

itarici for tll« «ll!rwi|.| or of a g-ivrn Voluss.r. , I ll- ♦!• 

vft|M)ii» cif llit^ €orrfi|M:i!tilmg iiskslanm wtHfrr rcrt.An^ - ^ 

ditloili^f l«ttl|^riilwr« iiwl Oi^n llio law tr-i^ya-r- il,,>.i 

IL M, M .. 

lii l^i I* 

whiW 0 il il certain 4*f>n»t4iii. Tlii»«^M|-rrs^i'ofs t^,c» 


volimiti €tirr«s|ioiitliiig willi ilio ^ngliiii M, ..?.n ^ 

tOft€©rl*isi ©iilSiliilil, i\w m t ■ •■'' v« - .-.’kl 


ftncl iiW€irm4y |ir»>|>iirilofi»l ki tlm tirii%»iv. toa-v^av!'- ^-t i' i«t 

WAtimlly «iiicll'tbiii:4 l»y anti clr|«^i»-l»'iit on ilo^ nnii-i 

txprttslon of llii wtlgliii of U»« IIJ«)rCH!>'!l i»fnl li-,f »!• ; 1 '■. . 3 Tlin 

welghi ^ A inoltottlil to III© ftliw S'f Ito? altinig *rs;:*klt *:4 

tho tl®m©nl* forming II) if usually hy lakMvfr nr'^4%i 

of fin Atom of hytlroitn w miHj, aii«l i% tv.,-» »!,wnri» 

as %he ntnilt for iho o>i:|irrs»ion *4 ili© of asvI ^i#i ^ 

il fi ihofofore only oem»#ary t« fliwl tlip *■! 

for any on® componiiJ* as iiwill \m ilw kitiii? f--*r all Lri rj* 

lika fWfeOllllg ttlfiifi Is iiri4 

i*iiiif®l|) % &m termnlaof f*:.f m^hkh M - i if II 1* 

ii m ilf^l know Iroai ik# o«iiii|miiiwn «4 water, %'.^l‘V'vir 

dfOillyi D| to hyilropa m % mnl C*insr^|nrfiil!|f f^:»f ‘•Alift'f 

0 •*% and ^trtfw® and In general for Ik© im4©ciilri *■! *11 

jj«8. 

Oon«®qtt#ntly tk# w«l|ltifif a moli^ol© k rt|ii#l le* %mkA i^a 
dfnslty oxpr^td In rfkHon to kydr^p^ awl c«iit®iw|y iAi ./ 

0 §0$ i$ ^iml to M/ lA« »mii€§fhr ri^rrwl to nj^^m 

ICk® Iratk ot Ikli insy bo ti^p fftim § mry Urg^ r.f 

dtoilikt by oom|»rlfig lli©» wIili ili*i 
by o©e«l«a<m. AttnUtwHnUoii, WO »ay i^wnlottl llial i a, 
NH|> Ik® iril^l ^ tb® ©r ^iia.p||i| f4 lltp I ;i J* i 4^’ 

ItowHiftiWttl w tlii awl wifi||ii wall itu-* 

l^atiill«ipimidbytliifttrwli ^ 3m II* 

E«n<^ Moonili^ to the l»w, » > «>5. And! t»tl« t*mM i« <,* •. ».. - I 
^sxjwrtmwit. fh*deniity,Mcof4ingt(itiothf«iifmMt««n4rii{ ifM. - .?, 
d nltWHM o*Me, K A S 83, of nlMe wU id, «».{ ttf i»ii»i<- 1-<«> ». t<f /I 
Intho^rf nttroM ofthydrMo, WAi.« • -nJc. 

Into NO + NOj, tho (kMlty i^y vai^ botwwit iW (m, l./»,|{ «« %h* 
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HfO| yiichangiHl) und li {^Irntx NO *f NO| Is obteiadi). 

Thtirii iipi tm flgani* t'»f mmtAn% density hv llgOti NHO^, NfO^* and 
timny ftliiiikr €csiii|Kiut«li whwh are iiitlier wholly or partolly dtcom- 
posetl in |m»ilng into viipwr Salts and uliiiilar substanooa tifchor 
nn ¥a|«itsr ctermity ImmuiO they do not pasi into vapour (for instan^^’ 
potaiiiiiin nlfcrftto-t ICNOi) without d©oompo«ition» or, if they past 
Into v&pur without d^^»l>wlng, their va|>our density is observed 
with diilleulty only at mrj high tetnpraturti. The praotical do-; 
^roiiimlion of iho vapour doniiiy at thtso high tompuraturus (foi^ 
oitawple, for twlium ohlorido^ forroui chloride, stannoui chloride, djo.) 
wquirti spelal mothers which have been worked out by Sidnto^OMro 
DtvIllOj Orafti, Nllson lund Fctteimon, Meyer, Soott, and othore# 
Having ovtreottii© the dliteultics of oxporimonti it ii found that the 
law of Av 0 gadrci»Cliirhardt holdi good for umh iidts as pota»lum 
iodkio, iMiryllluin tihloridi\ alusninium chloride, ferrous chloride, 
that ii, the citnilty obtaiiic^i by experiment proves to bo equal to hall 
tht moleoular weight— naturally within the limits of oxporimontal 
error or of |^«ibk deviarien from tdi© law, 

Otrht^l iidu«ii hli tm from a ^al number ol.#x«aplii' # 
vekite mmpmMM. W% shall bt^mt i^ualnted with eti^n 
theta III tht following ehaptein ; their entire study, from thocompliJtltjr 
of the tubjoct, and from long- established custom, forms the subject 
of a s|^clal branch of chemistry tiwmcd ‘ organic * chemistry. With all 
Ih^ ittbitftiiwii tlie ©l^rviKl and calculated densities arc very aiiullaf, 
Wliim Iht ^nioquniiees of a kw arc vorliod by a grimt number of 
obe»falioii% II thouM ^ eonsldured m Coniirmwl by ©x|Msriraint. But 
this do« tiol ef^ude the ^•Ihillty d m^rmi devktloni. They may 

M 

evklontly li« of two klnia i the finmtlon ^ may be found to be either 

gntat-cr or Imn than 2— that i«, the ealcuktod density may be eithw 
grimtio* <»r ihaii iho cjbmirviHl density, When the diffewnco between 
iht^ rtntulifi uf iix|airim«nt iiiid cidcukticm falli within the potii hi# errors 
of ox|,M5rliiniiit (for oxatiiplo, equal U> hundredths of ilio deniiiy), Of 
within II iMMiliible error owing to tho lawn of gasen having an only 
approxiitiale ap|4icatioii (a* k iitmi from the dovitiiiona, for liwtanc% 

M 

from the law of Iloylo and Mirlott*?), then the fraction ^ pi^vfs bub 

slightly clillbriiiit !rt»iii i (kilwitim 111 ftiid 3 * 2 ), mid iUcIi C^t 

as lliofii} nitiy Ins rkiitd nuioiig ttioii which ouglit to \m 

from iliii iiaiisrii of tlw iiibJecL It ii a different matter if tlioquotlitfe 

of be icvcral 'tiinv«, atid In geaeral a multiple, gmu$$f or HnMU li’ 
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Th© appllmlloa d ilm l»w mtmt «r if n>,mi fm 

laid Mld#i Ui« la** iiaittiv mliiiil t4 ;* W^i ^||| 

iherolor© tekti two iiseli cw.^* aa«l ir#l ciii# in mhkh th.* 

i$ ^rmkr thmn % &f «,# I^m ^ 

tm a«we&i^#i« ^ hm. 

It wait Im admitlal, c»iiftn|ar.iic«i t| ili-^ Uw ri 
Otrhikrd% llittlliara i« ailm«i|i«itili»>ti It* iK a-- « m-r-^ ^ hmm rb^i 
of Ol© Wpif m>rit«|«llilitlf Willl tl»*» i4 ll*« *fr, ..yiit a 

sa^taiic® iaterltig it gr«fiur ilm .4 

^partjs by weight of iW *icj«4iy ih’« %ap^in.ir «f 

-water to lb iklemniictcl at a feMi|.4*raittf« nt -.*« tb,^? mhi.^h %i k 

4©OOm|)OSIicl| ilffl, If llOi *ll| ftl »»iy laf^* I'rt^i^-fSi II ' f stir. 

'will ba }i|tlrpif«ii mml *?%»* v ••! «‘ 4 * h m 

KftiEtttrO gi^% or <lf ll«%>ll«tilig gat, » I tlijin %l%l I A 
mpouri it will bo ^ml fi (mmimfM ^$%h hy4fv^rfk\ 

1 vok»© d osypa wt^li IS, aini I «4 liydr%:rfi :i ^ 

aad, O0ns©<|W©atly, S wlaiiwi ^ d^^tM^mUng $m wcinli I 

volume 6, wlilli tbo tliwtiy of a«i|iifNniii ^ 9. licti^'r, il ilwi 

’domlty of ftq wiii vapJiir 114 irj* f/ . ?i, tti« 

M 

quotioat ig- would h% imml to lit S and tr^4 'J Tim | 

«a^t bi »i • dttktloft imm ilmkmh'§ h»-, Imi ibia wn%d*l 

bo O0a?i©^ b^IttO tl tw iliowii |y mmm» «-4 di^mP^n iht>^■^gk 

pomm lubstfttioWi wid^rlW la €liii|^»f 11,,^ ilai w»t«f 
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ammoniac, NII 4 OI, is nmrly 14 (compared with hydrogen), whilst 
ifcs molecular weight iff not lots than whenod the vapour 

dounity should bo n»rly 27, oooonliog to the law,* TIi© molooulo 
of wal -ammoniac cannot bo loss than NII 4 OI, baoauio it it formed 
from thcj moloouks NIl 3 > and IICl, and conteini single atoms of nitro- 
gen and ohlorino, and thtrofore cannot bo divided ; it further never 
on tori into reactions with themolecultsof other substances (for instance* 
potassium hydroxide, or altrio acid) in quantities of Ic« than 53'S 
parti by weight, 4c. Th© calculated denti^ (about' 27) is here doubio 

M 

■the olmervod density (ai>ont I3‘4) ; hence ^-aisl argl not 2. For this 

rm»m the vapour density of sal-ammoniac for a long time lerved as 
an argumtint for doubting tho truth of ihh law. But it proved other- 
wise, after the matter had Imen fully invcitigatcd. The low density 
depends on the dccompcmitioa, of sabammoniao; on volatlliging, into 
ammonia and hydrogen chloride. The ol>«< 5 rvml density ii not that of 
sabammemiM, but of a mixture of NIl|and JUCI, which ihould 1 )# 
nearly 14, because the dtntity of NII|»S*f and of 1101*18*2, and 
Ihcr^ow the 'd«nd^ of thdr mtetuim (in tqtt,al fdnm^) ihottM b« about 
IS*!,** Tht aotmal d^ompMMma of thi mpu» of t^-amiaoiiiim wm 
dtmonifcmtdi by Fcbal imd Than by ^ »»t meth.dt m the decom* 
position o| water, by pa«iii*g the vajmur of iabiunmoniao through a 
porous substance. The experiment domonitmting ^the dcKsomiwsition 
during vokilll»tkm of sabammoniac may be made very eiwlly, atul h 
a veiy Instructive point In history of the law of Avogaclro-Oiirhardt, 

without iti aid it would atvor have boon imagined that sab 

ammonia© di»mpoi»d to volaMlWnf, m diieompoiitioii kiars til 
the slgni of ftimpto iubltoalien | cons^utntly the knowlndgo of the 
dwompoiiitlon itself wi« forcitalled by the law The whole aim 
ami prm^tkial use of the discovery of the kwi of natur# wsiiti in, 
ami ii4 dumn by, Urn fact that they tmabliitli© unknown to bt fortteld, 
the uuobftervetl to Im tiifciiiisiiu The arrangomiint of ihci cipcrlineni 
Ii has«<i on ih© following rmtoiilng.*^ Aeeortliug to the kw luid to 
exporliiiiint, tlio dtmaitj of ammonia, NIIj, it H|, and of hyilrochlorio 

n Thiii it«|»kHaliee of ©» deu#lly d mhmnmimimh wliilitirlfj 

itoUiif usklwimw which is Weff rlinlithMl wm the nietl ttularal m mmtH e» 

m »««* »• fchf» tti»|4iciHioii tti© kw #f tt> ©h««t»l w-m 

1 il wfti, Inf ieiitiiiHi#, glrpii in mf mmk m Sp§§0§ l«i^ ii. Tli# 

fenrtwk, 11/1,1 whi»h wa| tt|i|#li«il ktor h| ii»ii| elligf tafetygateri, li»l 'alfefwli te«.ii 
fftiule tt#o «f ill li»l wtirli. 

w Tl» mm% reniewlwf mt aiitl ih« iiiiik to whteh 4 4 

out ttiii»l 4iit«»ntiit»l ti| tlw t#r f«?l wtU«h il k tiit#iiiM to 

ikai ^ »l#i ti¥fu, m m^mm mpiwm. Tk I4#a whiih ^ ^ m 

ii chM 
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rRi^arLii mtmmut 


4cld, IICI, I8|. If ilii^ of » 

mkturo of HJf| iiitl HO# mmmmm mil nwm 

rapicllj through a fmmMm i^r ^ iw*' ilnii iti^ 

chloric aeiflj Joit m la a Imnaf hf4f%*^t$% |c.rv^ti 4 iri| 

more rapidlj ih.m llit if ih*^ % nf *4 «#l 

^mef ittto witli m aiiii**. iu(k tinU § thi- 

il ia grmtir qtatitlil#* ihita lli*^ lijrt|f%»^ hh^fk .4, mml i!o« r. 

joaimoak may Ij»o l*y wirAii«*'4 nu*hi rrd li^tiiwi »lik| 

AoukI te turai^ bits#. If tk*^ **§ it>..| 

docoiitposocl, it woiskl |mw IliMiigli Ik’ | ^ r«*#i ii. 5*',a iw^ MU I t!m 

■colour of tlm lltmua pa|.ii%r wwiiil ii«4 Im mi ^iuhi--44m 

is A ncatral salt Tliaii by %m%mg wiili liiitin* tlini |4*t|ii| 

through III© |iomtii mmMf it iiwy W 4#v'i4«”4 tli« ia%^ 

is dw»mp^^ or aol wh#fi into iCail mmtmmlm 

vok^Jb®! *1 m m to«t|vfiitor« iImiI iIi# $mf Im 

«i»dttctcdiitt a |li«lili«i iimtol b| %mmm # l##ii|* a<» 
plug boing pkc«l aw th« «iili^ of lint fhn Ivmm 

a porous ami^ which m tiaiilltf^l al m high A |il«c# 

of dry sal-a»iiuoRl«^« It pb%'«’'|| al m%» Mm ul 1^ |4ii|, 

and it heateil by a Iliiiiiim ImriM’r. llifi tmmmi mm 

by a cunwi of idr forciiil fitiw a gawinifsttor m fjiig Ihtpogh !»«■» iiilw# 
mt litiiwi |»ppr* tune t#l»^ m4 t»ii* m4 lo 
osck If lb# MJi»aiiiiioali^ ki li^tt^f^ llli^ rfi 

Ac opp^i§ riM of A# iibtitoi flwg, mml ilw iiiiin» ili#i« imm 
hluef And m an dt kyilimhlmi^ mM iwmAim *m it'i« t*4e w k^m 
•the k ll tom* ih# lll^tti al r*rl yr4. 

This prov^ Aat ml-miiiiiitiiil*#, wh#a fiiii.t«ftoni Into ¥nimuf^ 
aplits up into ammonlft and hyarocHlorte »»i4, mimt at *a»« «i»« 
gives an instance of ti>« poaaibiUty el r-(»rr««Uy 
Ae basis of the kw of Afog«lfo*0#tl*^l4* ^ 

8o ako the fact of a dwwj^dlteA way lit |» ih# * 4 h«r 

iagiMioei 'Wtoe ^ poftd gmlt^r %lmm % «inl Imm*^ tl^ 


dwiatl<^ ap^ar in m m titilfeiii i^nof ^ %km tirplk#* 

'tiou and ^ At k^ ^ 

^sooroporittoi, aaj ths vsbow HiiMiiti’iJ tkl ^•***^t '^*<<**e •«»( m»,» > %.<» 
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In lltcii# €«» wliiiiv ttni gimfmti pr^tiw 'Iti lai fcfi tliiiii 3, nr 

tlw nltni^rviHi il*»iiiii| grmti^r lliftn bj? »llilltl|iliiiii 4 liit»^r 

nf ll» ti»tt«ir in iwitltnilljf mwfii siinplti, wnl iln^ fiwi 
#lily iiulkAti?# il»| tli«^ wciiflii nl th^ninltwnilit k m umny tifsiri 
IS tliai Ulfii m I}iiit|tttil4#til k hm elmn ll Hu, f«r 

III «»f »lliylf«i4\ wlt^ innspodlfcinii k iij Cii^, ilifi 

4t*iisllf by «prto«nl In Mill In 1I10 uf muf^ 

l©it^ wimm |g A^^ Cllf, 4«fiilly |m'»¥ii«i In Im :I5, »ii#l 

«iii«|tiimlly llin im m I, mtid im » |* ff 

ttdtiilitf* wilflil tllyltn© fes teitn, mm m 14^ m «lfiil Im 

fwtt owpodlllon» hm4 m lwi« m m tn— 

mi tm mmfhm m i?# Umm km tlin «tfite#»ilgr 

nf lfe« iwl will b# Otll^, ««Ni of ^ swcmtl O^li im 
M 

botli nf tfi«Ri will #c|a^ U> 2 . Thii Ap|>lkalltiii nf Ibt kw> 

wbkb Hi ifil i%!il «ia.y ^ppiar p»ftes%lj mrUtmry, It 
itoloHy Ihn a»0miil ^ tlbylwn wMkk 

mmpH md la m4 «|mJ to ll^ btti to ^ 

parli by w^bi. Tb«» wito 11% nr UI* «lbyl«© mm- 

blnti In ft ^nftatlly Otll*, unci ft^yknn in m qmmtitf ftntl m4 

Cfl®» C>n il» titbir hftnti, niliybiw k m gw whinti llf|ttiillt:«i wIlli flilll* 
n«liy fftijwciliito iMiilliig |i44iil m 4- 10“'^), whilit ftniykint k a ||«niitl l«iilii^ 
ftl iMjllIng |»inl m 4 ftini by Mlisiiitltig llm gimtot 

of to© ti mmtfhmm (M m 10) it# ftfnin to# 

1^^ ttolwttlni ^ ©toy l«»» IM m m) bmimn oliw* Th%m, to# 
M 

to m iwMuMm ff m tl>« fftt^t 

ip^»l to irf toi ^ 

Olfpiiii ftfwl mjnw to ft vm^ in pint. 

On tari 4 iii|| Uf ''ilw^ il m fniitii In cwtoia 

wiili tiittiftto—fuf iii*t«ic% iii©f«iiry, finOy niii €«lfiiliiiii»«'tJifti ili%i 
#f llifi litoiiii wliWi i«ii«l Im ftnkftfiw|«|gwl iti ilii^lr t*«iii>|Mititicii 
|®i vlilili imietoiti will tm ftlt#^rwn.pto tinMk) fi|>l^r* to Im mlmi ili# 
wiel«ml» Tlio% lii# fttotnk wtsighi «| mcrfury iiiii»t I# tek## 

W m lltM\ litil till.! immkf 100, ftinl tli© f|iiitl|piil iw 

i^Uftilly III# muiimiie i|f m^mmf fmUmimtmm Ilf, Ilii 



molooulft mmt oonUfo iwi’i O,, wlikli mlglit In ^ijn 

by comj)a.riiig itt cloniity wiili iliai of wImi# 111*4*'^ r 

Oj (Chapter IV,) Sa fil :w ill# molwtilft r^| lal# lf|, «i|' 

chk>ni3ft Cls» of intmgi^n ls%, tie. If with li)4lr%»goii, %lm 

volume remains uiiallerod ilm foritiilinii cdf n^dd* 

II3 4. 011 m HCt 4- IlCi. , It ii a ciu# of •iibilitttli#fi 

and th® other^ and ihortdoiti tli# volunwi mm^in mfw 


fonuod* Judging fmm tlwi vA|i»o«f m fp Ctj 

tho molooula wntiUiw laur ttlmiii F|. Ii#iie# ♦Ii«ii 

polymorliod appear In iiudaeuli^ whieli mm mmm lli^n ili« 

simpl^t potilbla. In carbcin, m w« ilimll mtimmmmk inJ* m *vrf 


are d®polymwi»dd (that 1% llio w©l|hl of Ikt iiiolttiilti illtiilfil*li»i) by m 
rise of tompomtur#, w N|Oj imuiit into NOi, Of ttmnis 0^ liil# mtkmff 
oxygon, Of, then wa might mpm% to iiitl ll« tplllliiif up mf 
plox molooulM of olemeiiti into Ih© ilftipl^l wtolftiil# % 



proof of wioli a prqpoilticm h Indlwitotl % th© vaiMHir »f It* 

normal dmailty «» IS7 (Dtt»i 4 wild 

with th® moleoul© I*. At tompmtorti ^ %km 

density remalni idaa«^t ooiittonl), Ihlt tlkl4n§tlf 4mfmm^ m% 

is seen from the verified iniwlti*0t»toifi«l by Vltior mii 

Troost. At the ordlimry pr#»tire and It It nkiwi im, m% 

1,250® about 80, at 1,400® a^uft 70, aiidtpp^lljr lltlrlt^ to fmtot# 
iteelf to one-balf— th*t 1», to 63. Uiwlw ft rwintcul ibt* 

spIitting-up, or depolyroeritaUon, iodint rnt^r Mluftlly mwk** 
a denrity'o of 66, at Crafta deffiMalniftil by sh# 

pressure to 100 mm. mi ih# to I, f'-mm nhim 

it may be oon^uded tort at high ind low to© 

molecule 1, graduaily pmea telo tl» mdeoiit# I emmuHig mt^m 

like mercury, and «»at •omatibing dmiiwr oemit* wi^ olWr tdeweoii* 
a considerable rise temperature, wbielt t««d» to brtof ftbowl »li* 
disunion of compounds and the deoomporitinii cf tociplei mv!f e-vim •' 


• AUb^ M flnt (bM» appMnri «o to a state r*tiiiwiiiiuiiii irnttmtimtmf 

cUoriBe,itwssiteir*rtoproirtotetf te»lsateisi«*<| tee%»to»#| asMto 


MOLECUliES AND ATOM’S 


321 


Besides these cases of apparent discrepancy from the law of 
Ayogadro-Gerhardt there is yet a third, which is the last, and is very 
instructive. In the investigation of separate substances they, have to 
be isolated in the purest possible form, and their chemical and physical 
properties, and among them the vapour density, then determined. 
If it be normal— that is, if D = M / 2 — it often serves as a proof 
of the purity of the substance, i,e, of its freedom from all foreign 
matter. If it be abnormal-^thatis, if D be not equal to M/ 2— -then for 
those who do not believe in the law it appears as a new argument against 
it and nothing more j but to those who have already grasped the import- 
ant significance of the law it becomes clear that there is some error in the 
observation, or that the density was determined under conditions in 
which the vapour does not follow the laws of Boyle or Gay-Lussac, or 
else that the substance has not been sufficiently purified, and contains 
other substances. The law of Avogadro-Gerhardt in that case furnishes 
convincing evidence of the necessity of a fresh and more exact research. 
And as yet the causes of error have always been found. There are not 
a few examples in point in the recent history of chemistry. We will 
cite one instance. In the case of pyrosulphuryl chloride, SaOgOlg, 
M = 215, and consequently B should = 107*5, instead of which Ogier 
and others obtained 53*8 — that is, a density half as great ; and further, 
Ogier (1882) demonstrated clearly that the substance is not dissociated 
by distillation into SO 3 and SO 2 CI 2 , or any other two products, and 

one. Di the case ot bromine it is not much greater, and is far from being equal to 
that for iodine. 

As in general we very often involuntarily confuse chemical processes with physical, 
it may be that a physical process of change in the coefficient of expansion with a change 
of temperature participates with a change in molecular weight, and partially, if not 
wholly, accounts for the decrease of the density of chlorine, bromine, and iodine. Thus, 
1 have remarked (Comptes Rendus, 1870) that the coefficient of expansion of gases 
increases with their molecular weight, and (Chai)ter II., Note 20) the results of direct 
experiment show the coefficient of expansion of hydrobromic acid (Mw81) to be 0*00880 
instead of 0*00307, which is that of hydrogen (M=*2). Hence, in the case of the vapour 
of iodine {M = 254) a very largo coefficient of expansion is to bo expected, and from this 
cause alone the relative density would fall. As the molecule of chlorine Cl-j is lighter ( « 7I) 
than that of bromine ( = 160), which is lighter than that of iodine («254), wo see that 
4he order in which the decomposability of the vapours of those haloids is obaorved corre- 
sponds with the expected rise in the coefficient of expansion. Taking the coefficient of 
expansion of iodine vapour as 0*004, then at 1,000° its density would bo 116. Therefore 
the dissociation of iodine may be only an apparent phenomenon. However, on the other 
hand, the hea%'y vapour of mercury CM=200, D«100) scarcely decreases in density at 
a temperature of 1,500° (D = 98, according to Victor Meyer) ; but it must not be forgotten 
that the molecule of mercury contains only one atom, whilst that of iodine contains 
two, and this is very important. Questions of this kind which are diJfficult to decide by 
experimental methods must long remain without a certain explanation, owing to the 
difficulty, and sometimes impossibility, of distingui<diing between physiool and chemical 
changes. 



r« »i(4r||^ 
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quantity of a substance which eiUers iMo chemioal^mKtion wiih ' 
molecules^ and occupies in a state of vapour the mm volume m 
parts by weight of hydrogen. 

The molecular weight {which has been indicated by M) of a 
stance is determined its composition, transformations, and vapoui? 
density. 

The molecule is not divisible by the mechanical and physical 
changes of substances, but in chemical reaction it is either altered in 
Its properties, or quantity, or structure, or in the nature of the motion 
of its parts. 

An agglomeration of molecules, which are alike in edl chemical 
respects, makes up the masses of homogeneous substances in all 
states.*^ 

Molecules consist of atoms in a certain stata of distribution and 
motion, just as the solar system is made up of inseparable parts 
(the sun, planets, satellites, comets, &c.) The greater the number of 
atoms in a molecule, the more complex is the resultant substance. 
The equilibrium between the dissimilar atoms may be more or less 
stable, and may for this reason give more or less stable substances. 
Physical and mechanical transformations alter the velocity of tho 

^9 A bubble of gas, a drop of liquid, or the smallest crystal, presents an agglomera* 
tion of a number of molecules, in a state of continual motion (liHe the stars of the Milky 
Way), distributing themselves evenly or forming new systems. If the aggregation of all 
kinds of heterogeneous molecules be possible in a gaseous state, where the molecules 
are considerably removed from each other, then in a liquid state, where they are already 
close together, such an aggregation becomes possible only in the sense of the mutual 
reaction between them which results from their chemical attraction, and especially iit 
the aptitude of heterogeneous molecules for combining together. Solutions and othe» 
aorcalled indefinite chemical compounds should be regarded in this light. According 
to the principles developed in this work wo should regard them as containing hotR 
the compounds of tho- heterogeneous molecules themselves and the products of theiu 
decomposition, as in peroxide of nitrogen, N.2O4 and NO-^ And we must consider thaf 
those molecules A, which at a given moment are combined with B in AB, will iit 
the following moment become free in order to again enter into a combined form. Tho 
laws of chemical equilibrium proper to dissociated systems cannot .be regarded in any 
other light. 

^0 This strengthens the fundamental idea of the unity and harmony of type of all 
creation and is one of those ideas which impress themselves on man in all ages, and 
give rise to a hope of arriving in time, by means of a laborious series of discoveries 
observations, experiments, laws, hypotheses, and theories, at a comprehension of the 
internal and invisible structure of concrete substances with that same degree of cleameaa 
and exactitude which has beeu attained in the visible structure of the heavenly bodies. 
It is not many years ago since the law of Avogadro-Gerhardt took root in science. It is 
within the memory of many living scientific men, and of mine amongst others, It is nofi 
surprising, therefore, that as yet little progress has been made in the province of 
molecular mechanics ; but the theory of gases alone, which is intimately connected with 
the conception of molecules, shows by its success that the lime Is approaching when our 
knowledge of tlie internal structure of matter will be defined and established. 
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motion and the dist<ances between the individual molecules, or of the- 
atoms in the molecules, or of their sum total, but they do not alter the 
original equilibrium of the system ; whilst chemical changes, on the 
other hand, alter the molecules themselves, that is, the velocity of 
motion, the relative distribution, and the quality and quantity of the 
atoms in the molecules. 

Atmxsare tJie smallest quantities or chemically indivisible masses 
of the elements forming the molecules of elements and compounds. 

Atoms have weight, the sum of their weights forms the weight of 
the molecule, and the sum of the weights of the molecules forms the 
weight of masses, and is the cause of gravity, and of all the phenomena 
which depend on the mass of a substance. 

The elements are characterised, not only by tbeir independent exist- 
ence, their incapacity of being converted ii^to each other, &c., but also 
by the weight of their atoms. 

Chemical and physical properties depend on the weight, compoM- 
tion, and properties of the molecules forming a substance, and on tho 
weight and properties of the atoms forming the molecules. 

This is the substance of those principles of molecular mechanics 
which lie at the basis of all contemporary physical and chemical 
constructions since the establishment of the law of Avogudro- 
Gerhardt. The fecundity of the principles enunciated is seen at 
every step in all the particular cases forming the present store of 
chemicsal data. We will here cite a few examples of the application of 
the law. 


As the weight of an atom must be understood as the minimum 
quantity of an element entering into the composition of all the mole- 
cules formed by it, therefore, in order to find the weight of an atom of 
oxygen, let us take the molecules of those of its compounds which have 
already been described, together with the molecules of certain of those 
f^bon compounds which will be described in the following chapter 



Mqlecular Amount of 
We^ht Oxygen 

18 16 

44 16 

30 16 

46 32 



Molecular 

A.mouut < 


Weight 

Oxygen 

HN 03 

63 

48 

CO 

28 

16 

C 02 

44 

32 


considerably increased. 

16 parts 

by wmght ef this element, but always nl6. where to is a whole number. 
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Tho molecular weights o! the abov© compounds are found oithor dhtictl j 
fi‘om the) density of tlioir vapour or gas, or fre>m their reactions. That, 
the vapour doniity of nitric acid (as a iubitancd which ©iwlly docom- 
ptwcfi fdiovo its boiling prdnt) cannot lie accurately dotermlnod, but the 
fact of it# contiuning on© |mrt by weight of hydrogen, and all its pro- 
perties tihcl roactions, Indioato tlio above molecular coinjiosition ami no 
other. In this inannor It It %*©ry easy to find the atomic welglit of all 
the idoments, knowing the molecular weight and componition of their 
oompoumli. It may, for Instance, 1)© miily proved that k« than nl% 
parts of carbon never enters into the moldculoi of carbon compounds, 
and therefore 0 muit Imi' taken as 12, and not as 6 which was the num^r 
in wsci before Oerhnrdt. In a similar maimer the atomic weights now 
aaoeptod for the elementi Oxygen, nitrogen, oarl>on, chlorine, iulphur,&o., 
were found anti indubitaldy eitablished, and they are even now termed 
the Oerhardt atounlo weights. As ri^gards the metals, many of which do 
not give a single voktil© compound, we shall aftorwardi smi ihiit there 
are also methods by which thoir atomic weights may bo ©stiibllshod, but 
novcirtholosi tbo law of Avopdro-Otrhwfdt is h«r© also ultimatily 
imortdi tO| In order to rtmov# any *doubt which may bo onoountorid* 
Thtti, for Instano^ id^ough muoh lhal was known eon w« lug tho 
compounds of beryllium uoootiitatod its atomic weight bain^ taken m 
Be ail— that Is, the oxide a» BeO and the chlorid© BoCl^— still certain 
analogkl gave roaaon for coniiidorlng its atomic weight to be BoKa Upn, 
In which caso its oxide would bo exproiicid by tho com|Kaition IlCaOi, 
and thi chloride by IloOli.®* It was tlien found that the vapour chmsity 

boryllittin ©hlorkio was approximately 40, when it bomme quite cleat 
that its molMular wo%hl wm 6^ and as this natisEoi tho formula 
BtOlfi but dots not iulfe tho formula BoOl|,| it iditrefore boeam© 
iftry to regard the atomio weight of Bo 'as 9 and not at 1S|« 

»» If will hiiryUmtii B»CL, thdii kr 0 ^ 

ilirr« ttTr* 71 «»t rhliirimi, Midi Ihm wuiuhl, foiCl|»-»C{ Imnre thu 

aiitiistly t#» 4© nr ein. If m\d b^iryilimn €h!c«reli« n»'n In ll'-i 

of Wrylhtim Ilwrw afii WS'S nf €tlikirln»j hmm die mnUnnitir wnighl wrnibi l«» aeil 
Ihi ¥m|mrtir il(ie»ily,W ©r ii'W. Thu competllioa It PviUtinlly lh« in IhjiIi *'*##*, 
biicatti#© i 11 IS‘ft * iCC'i. Tliua, If i)m nf an rbmi^nl fbffiiwil 

abiwite wiilglili, &|i|iw«nll|f wtf dliartnl fenniilai ttmy bftlli ilid 

nf ciimpuiads, «sd ihmm wlik?Si twi winiir^t l»| tli« 

iiWi el pnniorlkiei Red #t|ttlval#R|s. TH« «if former 4afi 

ihtt pf anti a€«tt»lt 4 y Palfea'i law«, tiy 

likifif 11 ** I, Cl»i, III - 14 , ke. TH« 0 l«rl»rfl tipbilenli tr# »li« i»li»W by 
lliwin* 111 , C« It, Uirnm^ ar^ multipk* ef llififfl. Tht thok*# «f ©»« tit 

lli ©lliif flwlllplp iiiiiMitlli fnr llw wiiiichl l» imp«»ill 4 n witlisal » irw ftiiil ««* 

wii fi««fliori «f llii itiiikfiiilii will stom, anil this ii mty nhtalntrl §, 
lli liw ^ wtd Ittnw ll» « 4 o«i« wt%lli aw 

of Oil# kw im Si). 







Will* thi» i».uW>>h>r..nt ».( • -f nvt».-*«e* ««»4 

ntomt., (..f). nW »*r<» .I-,- -i ‘ 

j«v»ili.n..” Ind >■< ’• •< «■•»»' ■ * *’ ' 

snrimuf h»iv- »* J**' “ 

M » liuiulwr a( th*’ J.H'l-rrll'O f •«. kjo ‘‘•t'' 
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«ksito4 trpw knm»U ^ * \ ' 
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Illil ^ 

|*%tl% vl Uo»w a. . s *. ,* I I^H t I 1»* #*^4 I ^ - s J 

b)f l«r»*.W.4k? Jf, .U. n. . i| I r 4 ■ ^ 

fr«lf4 M'4 i S *’ ■ 

• itm Tl»»^'l‘4«> 1^’ *< 1 * -4^ I * 

ptt«ml,«li#tt II |if«#|ss*iM lmmh$ m l«'> ‘'P'-^ 

ttttil miimi ik^^fmU’h hf Hwlf ti* i* ^ - i 

ft# Mil ■'44*1 k| t4 H * , 4* ^ U %#f ^»| < i - 

ft«i««iilil4 ftii4«wflt i^^'* 'I * t4# 4 - - 

t«iimt|, ii f«|ttli#4 ki ii4 ill# # t «« 4. .-« 1 * 

m M1«»«: th^l^w iW 

(eO||l|««ili«tl pf ft »llk|lW>*"» I4 »1« **i 4%»s ^n**.-*-** |.'>t 

*»>tlwy ftwlfjil I «' III «^>tt|le I » l( ' T' ’* '* ^ 

twill ft« {**9ri'«>lli.«^« r.« l»|> »l |«l ^ J fe - I «'* !■ I 

wyg#ll^ ll In iH-*! i*? 4l I# Ii9 #..*■« U ♦ i| 

IkliiW^ft If 11*4 lfc» ii^»»l »4 «mfm*^ !*.•*# t >> «" 1 J >** 

ft» M# 4 #i ll» I 9 1 , 

ii ei» ite» d kf4w^» l« « f » 

^4.1 ♦*' 

t«l#p ftWfififi If ftf ^^m4§ ^ #1^ * / 1 

II# ml# teWiil ll##i f , ^^#4 pil»f t» 4 ^ «■» 'I 

(ftmjiW «# r4»tii|Ki(i»»!k *f»»t«'t» #44 ♦t** ^ *« '' »■' ^ «» 

ia|«ilt«*, tormliig 4 «bi|««s^ 4 # * 4^-4 |, #4 *»» ? 5- •.*^» 

d ft# fik*4iiw» #111 h» A#l% ¥^m ft»# I . f»iRi»&i ## ^ t 4 

WftWiii ®4 |»iii* If **l ft# €ifti *41 ||tl 4 ^ 1- I I *. > I 

©W ©itmpmiiil ft» w4l I# 4 |i» 4##« *4.^' 
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.pour density, or molooulwr weight and oompoeltion. The vapour 

M 

m®ity Dm For instanc©, the fonimb of ©thjl ether is O 4 H 10 O, 

rrfspc»ncliog with the raolooular weight 74, and vapoor -density 
, wliioli is the fact Thortiforti, the chuiiity of vft|>ours and gitsos hw 
Mtid to Im an empirical magnitude oh^dnc^ hy ij^xperiment only, 
■d hai acquired a ratiomd ratmning. It li only nCcoisary to rerocmlKir 
at 2 grams of hydrogen, or tho* itioli»nkr weight of this primary 
« in gram% oooupiot, at 0® and 760 mm. prwur% a volume of 22*3 
r©8 (or 2S,300 cubic ccntlmotim), in order to dirootly dotcrmin© the 
lights 0 ! cubical measures of gmm and vapours from their lormul% • 

cause tM mdmmimr w§%ght9 in grmmi qf oil aihm' mpmm ai 0® and 

0 mm, mm§)^ lAs mm$ uolums, 22*3 Ifiw. Thus, foroxampl©, in the 
so of carbonic anhydride, CO^, the molwndar weight M«44, hence 44 
ami of carbonic anhydride at 0“ aru! 76D mm. occupy a volume of 
•3 lltrtis— consequently, a litre weighs 1*97 gram. By oombining tho 
m of gMiilH-Oaj-Luiiao'^s, MariottoX and Avofadro-Oorhardt'i— wo 
'tain^^ a pnemf formula for gMWS 

%mm t i» tho wol^l to grams dl a df a vi^pour or gm 

a tempemture i and pressure p (oxpr^ed in ointlmotris of mm* 
ty) if tlie molecular weight of the gas«M. Thun, for instance, at 
0^ and 760 millimetrei prt^ure (ic. at atmospheric pressure)' 
s weight ^ a oublo centimetre of ton vapour of oilier (Mw74) la 
.O*O0S4.^ 

» ttia l«nBttla Cwhto ti ftv« l» «f w«ri m *tlis tni ia a 

tiftwhat jfflciiitd ftw» In ♦ 0«ai^ f#b. lllf | to la Hi* following 

mm* lotos tow ^ M*® -far M to 

. woltotttof wdgbt ft»4 D It# -Ctnrtty lo Bal II fa I© ton 

Iglil «,» of % witio wnWm^lr© of s gaa la rmm» 0® and «b. p«^*% dlvldnd Uy 
IHWHCH, fat Utl® iA tlm walstu In gmina c*f n mhk ©f llm 

.|{hi f of ft otiliici c^nOmiilrfi of a fM ai n I sad ante a p^nm p 

to to Tlitwtom, (I l> «* 

1 (I +’ 'whmym M • ISfti (1 4 - wliMi gi¥(» i\m §*\hw*^ tmprf#. 

3 , IwwftUi# l/««SW, Slid IftS mulllsiM l»y t7S ntitldl^itW liy 0-0OfMM#8 » iitmrly 
jinm f»l i, miv may b« wtoft m It Hi# wnifSl wwl © to« vtduin© of n 

*♦ TIj© ttliof© fiimmto mny bi dir*©Uy npilW in <itd« lo nweiinio Oin 
ghl frcwi tto into i wnlg hi el mpmif m Hi velnm# v n^i.. pw^arnw p tad 

issmittrt I for%#«*to« wf^ki of vapour m dividtd hy wiams t, Mid mm* 
^Uy Kw4m#iCi7l4-ll|p» toited el tot iovwuto (m lOU^ 

li II),- pf •llCil-Svl), w]y» E wypfeM wito vmm moA mlot# a gw, wn may 

dy to» loommto (•?•«#• Ih towuto itoi^ifr ^ 

mny »#§•« f vr ^alr^ ton v^wii* • ce«B|^ hy I 

lA a Iwnpwatuf© and uadw a prtwww pwW «». Ae^rtof to to» 

BMto m fifi vl)/^v, w# ind Utid si to to« ^ wstor 

•1% m la toli tottoM «» I frm. hemm^ lOito df ^ 1 #% 

' only 
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carbon bisulphide, CS|«90^ of ©thti', O4ll|0O,w94, of 
€ell6^«»l09, of aloolioli OtIIgO, w 200; W oWoroformj CHC1|, »67, 
^ 0 ., fthow the amount ol- himt ox|'>oiu!«l In eonvcrtlng ono part 
by weight of the aboire iuljitancci into vapour. A groat uniformity 
ii obicrvod if th® moaiuni of tikis heat be nifcrred to the weight of th© 
fuokcute. For carbon bisulphido the formuk CB^ cxprcmscfi a weight 
7B, hono© ill® latent hmt of ©vapomtloni niterriKl to th«:^ moleeukr 
quantity C8t wT6 0O»i»84O, for other » 9, 856, for bon»ci'Hn3i8,ri02, for 
alcohol *9,200, for chlorofom* 8,007, for ‘Wattr^OiOSO, A'c. That is, 
for molooular quantiti©«, th© ktont hmt variti <K>mparatively little, 
from 7,000 to 10,000 heat units, whilst for equal parts by weight it 
is ton ttois greater for water than for ohlorcrform and many other 
wibstanoi#.*^ 

Ooriomliiiiig from the above, the weight of the mohicul© detiinninoi 
the proportios of a iubstMkco tftd^ndmiiig 0 / iis of 

the ikutolkor and quality of the atoms entering into the moliMmlo-"- 
whenever the substance' k in a psoous state (for instance, the density 
of ga^ aiud vapours, •wlodty ei sound in them, thoir tpooific 
heat^ 4a), or m m wm Im ^ Iat«l h^fc of 

®va|^»4»* IWi li iatelli^Wb fio» tibo j^at d view of the atomlo 
theory in ito pr^nt form, for, a rapid motion proper to the 

moleouks of gastoui b<>cli«, it is further noJimsaiy to |>ostukte that 
th^e molecule ani dispersed in apace (illiid throughout with the 
luminiftrmis ether) like tib« hmvcnly bodl^ dktrlbut«i throughout 
the ualv«fii» Here, a» it k oidy the clegreo of romoviJi (the dk- 
tei«) and the d aoMtanm which take offnet, while thoiii 

peeulW^ d a wMtii mm «pr^^ In chemical irani» 

foimatiowi ■and «dy mm% kM aoMoa m nmr approach or on contact, 
are in abi^aace by reason of the dkpe^iml llmoe It is at onoeobvioui, 

^ If il» coiMwjfiltm <if th« w^inni# t»| tnknuiiiti ^ fif« m 

kw wl.i©fi . lo Hi# h^m% hmM t*f nl ttll et i»l« il brfwp a» Hgbl m 

©w^U*i k %t«»% wMo-ti ol^rwli» i«i1y r#|iwi««l ib« feimpk 

mlka. id huuiili t« ^mm% mi%ml wiw-twril# uf ImA 

In lh»|r Il may b* ll»l Uw kktil Iwml *4 «4 

etHihllli#i li imppaiiimililf ©aasteit, tlw*^ vIj pIihi <4 i\m tmiUm «f feki makaukt 

k M wi isw awf#, a Awmkts to 0*«niii»*U3rftMskk» ll» kl#«l h#i* 

ol^p«raM« li Ici « n) ^ W'S^ wlww I in ilm piliili n* th# 

Spfdfltt wk»# (1.#. Ww velttiim id ^ imll ^ mf ttin vi^poar, «ii » |li» ip««lio 

vokup fit th«liuttM, dpfifT lh« viwrklliw «4 Uiii wM % » riiw of t#iii|^f«lttr» pi»r 1^, 

am! f4 Hit w^wtiri w«.»Akf lo wlileli Hi# ii 

Ih# ktoiil »f «ti.|wmtiiiti liiiwa^ nul call wilJi a In lb» ¥*pur 

(is* Ihtt wiiahll, kil iki wim m inCraw# l» 6bi pulitli mi 

depiiMk w kikri. 



m 


«'r fwKisTisv 


In III© ftful pliw, III pf t*4« iti ^ t|# 

nicilw’illpi ftr^’ < 44 »»» r 1 ‘^gtllityf iliiiii in M'A 
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llfiiitd will tfc«^ «i 

«f lift iwl II* ffUiciJii in ir«»4r > 

i^lfint, for Ih© tlblrll^iiiliiti tf tw# 11114 i4 tu 

©I ftttraetfoiii ©f ©llirri rufifp^ till ls» tl*«if #fii<it«i#‘l «| 

rtiietifm. Tfirs»t^ gittpwl |< -.»-• I ? fi 

I^Wtilng llip Vmi% li«ll'<i tsi^«i’ *-tf 4 # 

Ijiwg©f Ofeimiml Rpllibrliiii In » lliifWI 
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i,tso many experimental discrepancies which canfiot as yet be ex« 
plained by theory.®^ 


27 bi9 The osmotic pressure, vapour tension of the solvent, and several other meanfit 
applied like the cryoscbpio method to dilute solutions for determining the moleciilaif 
weight of a substance in solution, are more difficult to carry out in practice, and only the 
method of detmnining the rise of the boiling point of dilute solutions can from its 
facility be placed parallel witli the ciryoscopic method, to which it bears a strong 
resemblance, as in both the solvent changes its state and is partially separated. In the 
boiling point rnethod it passes off in the form of a vapour, while in cryoscopio deter- 
minations it separates out in the form of a solid body. 

Van’t Hoff, starting from the second law of thermo-dynamics, sliowed that the 
dependence of the rise of pressure {dp>) upon a rise of temperature (iT) is determined by 
the equation dp = (kmp /2T^) dT, where h is the latent heat of evaporation q£ the solvent, 
m its molecular weight, jp the tension of the saturated vapour of the solvent at T, and T 
the absolute temperature (T = 278 + <), while Baoult found that the quantity (jp—p') [p 
(Chapter L, Note 60) or the measure of the relative fall of tension (p the tension of the 
solvent or water, andjp' of the solution) is found by the ratio of the number of molecules, 
n of the substance dissolved, andN of the solvent, so that {p—p") fp = Cn /(N-f-n) where 
C is a constant. With very dilute solutions jp—p' may be taken as equal to dp, and the 
fraction w/(N +n) as equal to ii/N (because in that cose the value of N is very much 
greater than '«), and then, judging- from experiment, C is nearly unity — hence: 
dp/p==n/N or dp=up/N, and on substituting this in the above equation we have 
(femp /2T^) dT=wp /N^ Taking a weight of the solvent w.. N = 100, and of the subatanc® 
ffissolved Cpm* 10 0 of the scdvent) where q evidently scnM, if M be the molecular 
weight of ^e substance dissolved, we find that n/N = gw/lOOMr and hence, according to 

the preceding equation, we hare M = ® T^ taking a solution of q 


grins, of a substance in 100 grms. of a solvent, and determining by experiment the rise 
of the boiling point dH, we find bbe molecular weight M of the substance dissolved, 
because the.fraction 0'02 is (for a given pressure and solvent) a Constant; for water 
at 100° (T = 878°) when A* = 584 (Chapter I., Note 11), it is nearly 6'2, for ether nearly 21, 
for bisulphide of carbon nearly 24, for alcohol nearly 11*6, &c. As an example, we will 
cite from the determinations made by Professor Sakurai, of Japan (1898), that wheif 
water was the solvent and the substance dissolved, corrosive sublimate, HgCl2, was taken 
in the quantity 8*978 and 4*268 grms:, the rise in the boiling point cfTwas =0®*179 and 
0°‘084, whence M =261 and 268, and when alcohol was the solvent, 7 = 10*878 and 8*765 
and dT = 0°*471 and 0°*880, whence M= 266 and 265, whilst the actual molecular weight of 
corrosive sublimate =271, which is very near to that given by this method. In the 
same manner for aqueous solutions of sugar (M=S42), when q varied from 14 to 2*4, and 
the rise of the boiling point from 0°*21 to 0°*085, M was found to vary between 889 and 
864. For solutions of iodine L in ether, the molecular weight was found by this method 
to be between 265 and 262, and 13=264, Sakurai obtained similar results (betweefn 247 
and 262) for solutions of iodine in bisulphide of carbon. 

We will here remark that in determining M (the molecular weight of the substance 
dissolved) at small but increasing concentrations (per 100 grms. of water), the results 
obtained by Julio Barpni (1898) show that the value of M found by the formula m4y 
either increase or decrease. An increase, for instance, takes place in aqueous solutions 
of HgCla (from 256 to 884 instead of 271), KNO5 (57-66 instead of 101), AgNOj (104-107 
Instead of 170), K2SO4 (55-89 instead of 174), sugar (828-848 instead of 842), &c. On the 
contrary the calculated value of M decreases as the concentration increases, for solu- 
tions of KCl (40-89 instead of 74*5), NaCl (83-28 instead of 58*5), NaBr (60-49 instead 
of 108), &c. In this case (as also for LiCl, Nal, C^HsNaOo, &c.) the value of i (Chapter 
1., Note 49), or the ratio between the actual molecular weight and that found by the 
rise of the boiling point, was found to increase with the concentration, ?.c. to be greater 
ithdli If and. ffiffisr mote and more from unity as the strength of the solution becomes’ 







Hitn i»4 I ^ 
‘ /, i>s- * I I# 


1.4 ^ r.^ .1,,^',* • :»4*. ‘ ** ;: i. ’ ». ^ • ».. .m . *% S 

i I i » ^ -'^ ‘ ’ '■’ ■■ <-..'* M ,fj,. 44 

1* r ffi^ Mi'>m ^i|‘' -.,* ft. i b' ‘'‘i ^ ».,■.« !. .'J h . i ■■ i,-; s, , . f J.,, ,,„J ^ I 

hi I !••* J'’ SfW Sn I fc* »-W -...v ■.,-,...4 t,„,- IM.-S -4 a , .„, ^ 

|..| 1»J||I«>'^« 4'^ **-# b-t. 4„4. . . .■■■ . !.^ . ; ^ • jt‘.t|t,44 A;^| 

* li^ *<<|l**« lAlK*%«jl«fc *>» *^4 ■'<. »> ■- 1 ! t -.!».' ,,.» * 4 •- J.i.l.% ^ 

iliw#, §.<4 11#^'^# 4 M j i. •i-.v* ■-».- v-j..-..» *, J s * * » » t* 

^|4« «*<» l*»',«li.| i*<«i’4%,l *«» t*’5 «fe#«4# , 'Ui ,-,,,:• ■ ■' -ii 4,,,,..i ; ’ 

Itic # *^l t»v»| J.ti' * ; t * . j 5 v > *,',,*^1^ 

I»tv4 4 wIS*» 4 • *?*»* bl -Ji I \-,.4 4i ».<» ,j j j | 

?*. k?;(2 ‘ .r.* i ’*|S 1^ '4 a-s 4, »,, j.-vj.|. •• •, | ,> 

idlifi l| ti.* 4 * ■?*.*» ,;... s- i,* 

|l.|tl«|f kJt l^f*.# f|r i4.*l i « I V J-..-, ^ 9 , 4if -‘^4 A W |,J,,J 

#4 l>w if-2. 1^ *r»*>S (^*<4. * ,* ...... ;^.t .J . *, » t fc(|i4| 

l*ff# 44l^'ii> !«# ‘. ■* ■»»,#. '.n** -J s .i #>,hAi 4|b| 

*m *144 ^ ^ I. *p. ^ 

«l 4. 1 •!§ «lif 4 f.t-^|,-m«-i, .» I-.-,,# -fc. t.*.i :J # «-w| ^ 

^lli ^ %^W^I6IW 4 ♦*»• ilW^ t.:^4 .1 a«* 1^ 

liliki |lll« 4 !<.,! * I, - .M.*. 
tef lit ipsm C"#C''li| I## ^m gmm im 

|4 I4p lw'%141^ jr.silfel ‘f| 4* »‘ls» * iji f ip. ■H(f%4|p 

lltf swifttkil* |» |4J^,|-^| 444»lte I l«4? -» •'■* *«♦# *■» I S4 t<* * ¥ .A'l, ♦, 

^lntiMi *4 |IM» v*ts|%1 -4 »4*:4»-»fi%.s-4i».K.®-i* .:.,4 »« * » 

liW^lS^lli#4 in 1^ 4m«*4n4*4|!j 4 *4* .'&«*«** Am lfcrt#<!» ||M> 

liiH mmf pmm «4f4ini*i**»n 

W« «f^ iM iM^ IMNl 

tmM*-’*^*** |f»-»*t«#*#.,-» s*t, i'li-'l *!.,^.i ill# 

|i^|l4 »n)w*. ,4«<» 

«iii# itar lift 4 li* » ji M laV* •.,■%.* .|*».*»f‘’l|f 4 f 

wiite te« to piMf 4 Itok 4 llbt •f^A* «■■*»« i4 4a«o. ##«►,. 

li totomnMw »# ♦%» <■*.«*# ‘I'l iiiii 

^ 4n«n»v I IkmmxM ^ I til# ■ imi' »&♦ *¥ «♦! 

§**m' l« H . , 

f # «• 




’> »*# fV»| 

*■ ’* ' % 

’ ' * ’» * * w» I 

t- ‘ 4 t.4 S i,fe 

* «. «. |,J»,* 

• * fc»l4| 

* i •; # 4%| 

4 Vp% » 

* »-*» f ^ 

“ /> >>-*K 

i ■ t M.»* 

l»»to»1n »«(, - $m 

•. » »» vioi 

¥ »A'I, ♦, Ulil.'f^ll 



MOLECULES AND ATOMS 833 

them, theii the depression c?, or fall (counting from 0®) of the tempera^ 
ture of the formation of ice will be (according to Pickering) 

nz=0 0*010 0*025 0*100 0*250 1*000 

d = 0® 0®*0103 0®*0280 0®*1.115 0®*2758 P-1412 

which shows that for high degrees of dilution (up to 0*25 n) d ap- 
proximately (estimating the possible errors of experiment at ±0°*005) 
ssrwMO, because then c^=0®, 0® 0110, 0°*027^ 0®*1100, 0®*2750, 1°*1000, 
and the difference between these' figures and the results of experiment 
for very dilute solutions is less than the possible errors of experiment 
(for n = 1 the difference is already greater) and therefore for dilute 
solutions of sugar it may be said that n molecules of sugar in dis- 
solving in 100 molecules of water give a depression of about 1®*1 n* 
Similar data for acetone (Chapter I., Note 49) give a depression of 
1®’066 n for n molecules of acetone per 100 molecules of water. And 
in general, for indifferent substances (the majority of organic bodies) 
the depression per lOOHaO is nearly nV'\ to nl°*0 (ether, for instance, 
gives the last number), and consequently in dissolving in 100 grms. of 
water it is about 18®*0 n to 19®*0 w, taking this rule to apply to the 
case of a small number of n (not over 0*2 n)» If instead of water, 
other liquid or fused solvents (for example, benzene, acetic acid, ace- 
tone, nitrobenzene or molten naphthaline, metals, <fec.) be taken and 
in the proportion of 100 molecules of the solvent to n molecules 
of a dissolved indifferent (neither acid nor saline) substance, then the 
depression is found to be equal to from 0®*62 n to 0®*65 n and in 
general Kti. If the molecular weight of the solvent = m, then 100 
gram 'molecules will weigh 100 m grms.., and the depression will be 
approximately (taking 0*63 n) equal to m 0*63 n degrees for n molecules 
of the substance dissolved in 100 grms. of the solvent, of in general the 
depression for 100 grms. of a given solvent = kn where k is almost 
a constant quantity (for water nearly 18, for acetone nearly 37, <frc.) for 
all dilute solutions. Thus, having found a convenient solvent for a 
given substance and prepared a definite (by weight) solution {Le. know- 
ing how many grms. r of the solvent there are to q grms. of the 
substance dissolved) and having determined the depression d — t.e. the 
fall in temperature of freezing for the solvent —it is possible to deter- 
mine the molecular weight of the ^bstanoe dissolved, because d^hn 
where d is found by experiment and k is determined by the nature 
of the solvent, aid therefore n or the number. of molecules of the 

substance dissolved per 100 grms. of the eolvent, Mi the molecular weight of the 
dissolved substance (in tbe solution), and M the molecular weight of this substianoe 
according to its composition and vapour density, then f = M /Mi- The experimental data 
and theoretical considerations upon which these formuka are based will be found in te]t% 
books of physical and theoretical chemistry. 
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eliow (according to Pickering^s data 1892) for solutions of NaCl and 
CUSO 4 in water. For 

71 = 0-01 003 0*05 0*1 0-5 

molecules of NaCl the depression is 

d = 0°*0177 0®’0598 0°'0992 0^*1958 0®*9544 

which corresponds to a depression per molecule 

K = l*77 1-96 1*98 1*96 1-91 

i.e. here in the most dilute solutions (when n is nearly 0 ) c? is obtained 
hbout t*7 n, while in the case of sugar it was about 1*1 n» For CUSO 4 
for the same values of experiment gave : 

<i==0°*0164 0°*0461 0°*0621 0°*1321 _ 0''*5245 

K= 1*64 1*50 1*44 1*32 105 

i,e. here again d for very dilute solutions is nearly 1*7 n, but the value 
of K falls as the solution becomes more concentrated, while for NaCl it 
at first increased and only fell for the more concentrated solutions. 
The value of K in the solution of n molecules of a body in IOOH 2 O, 
when d = for very dilute solutions of OaClj is nearly 2 * 6 , for 
Ca(NOa )2 iiearly 2*6, for HNO^, EH and KHO nearly 1*9^ — 2*0, for 
borax Na 2 B 407 nearly 3*7, &c,, while for sugar and similar substances 
it is, as has been already mentioned, nearly 1*0 — 1*1. Although these 
figures are very different still k and K may bo considered constant 
for analogous substances, and therefore the weight of the molecule 
of the body in solution can be found from d. And as the vapour 
tension of solutions and their boiling points {see Note 27 bis and 
Chapter I., Note 51) vary in the same manner as the freezing point 
depression, so they also may serve as means for determining the mole- 
cular weight of a substance in solution.*® 

Thus not only in vapours and gases, but also in dilute solutions of 
solid and liquid substances, we see that if not all, still many properties 

58 bis Their variance is expressed in the same nianner as vras done by Yan’t Ho£P 
(Chapter I., Notes 19 and 49} by the quantity taking it as when A = 1-05, in that case 
for KI, i is nearly 2, lor borax about 4, &c. 

We will cite one more example, showing the direct dependence of the properties of 
a substance on the molecular weight. If one molecular part by weight of the various 
chlorides— for instance, of sodium, calcium, barium, &c. — be dissolved in 200 molecular 
parts by weight of water (for instance, in 8,600 grams) then it is found that the greater 
the molecular weight of the salt dissolved; the ^ater is the specific gravity of the- 
resultant solution. 



Molecular 

weight 

Sp. gr. at 16^ 

CaCl^ 

Molecular 

weight 

Sp. gr. at 

HCl 

80-6 

1-0041 

111 

1*0256 

ja&ci 

58*5 

1-0106 

NiCla 

180 

1-0828 

kci 

74*6 

1-0121 

ZuCIq 

136 

1-088X 

BeCla 

80* 

1-0188 

BaCla 

808 

1-0469 

MgCla 


1^208 
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of chemistry presents a striking example in point — Newton foresaw 
from the high refractive index of the diamond that it would contain 
a combustible substance since so many combustible oils have a high 
refractive power. We shall afterwards see (Chapter XV.) that 
many of those properties of substances which are in direct dependencei 
not upon the weight of the molecules but upon their composition, or, in 
other words, upon the properties and quantities of the elements enter- 
ing into them, stand in a peculiar (periodic) dep^dence upon thox 
atomic weight of the elements ; that is, the mass (of molecules and^ 
atoms), proportional to the weight, determines the properties ofl 
substances as it also determines (with the distance) the motions of the • 
heavenly bodies. 

(or mixtures) is equal to the refraction equivalent of .the compound. According to tho 
researches of Gladstone, Landolt, Hagen, Brilbl and others, the refraction equivalents of 
'the elements are— H= 1*3, Li = 8.8, B=4*0, 0 = 6*0, N = 4*l (in (ts highest state of oxida-, 
tion, 5*8), 0 = 2-9, P = 1*4, Na = 4*8, Mg = 7*0, A1 « 8*4, Si = 6*8, P = 18*8, 8 = 16*0, Cl = 9 9t 
K=8‘l, Ca«10*4, Mn=12*2, Fe = 12*0 (in the salts of its higher pxides, 20*1), Co=10*8,,^ 
^Cu=ll*6, Zn= 10*2, As =16*4, Bi = 15*8, .Ag= 16*7, Cd = 13*6, 1 = 24*6, Pt=26 0, Hg=20*2, 
tFb=24*8, &c. The refraction eq^valents of* many elements could only be calculated j 
I from the solutions of their compounds. The composition of a solution being known it ia! 
possible to calculate the refraction equivalent of one of its component parts, those for aUj 
its othef components being kpown. The results are founded on the acceptance of a law 
which cannot be strictly applied. Uevertheless the representation of the refraction 
‘equivalents gives an easy means for directly, although only approximately, obtaining thej* 
coefficient of refraction from the chemical composition of a substance. F6r in8tance,f 
the composition of carbon bisulphide is 08^= 76, and from its density, 1*27, we find its 
coefficient of refraction to be. 1*618 (because the refraction equivalent =6 + 2x16 = 87), 
which is very near the actual figure. It is evident that in the above representation com- 
pounds are looked on as simple mixtures of atoms, and the physical properties of a com- 
pound as the sum of the properties present in the elementary atoms forming it. If this 
representation of the presence of simple atoms in compounds bad not existed, the ides^ 
of combining by a few figures a whole mass of data relating to the ooefdclent of refracH 
tion of different substances could hardly have afisetu Fqv further details on this subject, 
leee worka o» Ql^mktry* 



CHAPTER Vin 


OARBON AND THE HVDEOCARBON8 


It is necessary to clearly distinguish betwoon tho two oloaoly- allied 
terms, charcoal and carbon. Charcoal is well known to everybody, 
although it is no easy matter to obtain it in a chemically pure state. 
Pure chfu^coal is a simple, insoluble, infusible, combustible substane# 
produced by heating organic matter, and has the familiar aspect of a 
black mass, devoid of any crystalline structure, and completely in* 
soluble. Charcoal is a substance possessing a peculiar combination ^ 
physical and chemical properties. This substance, whilst in a state d 
ignition, combines directly with oxygen ; in organic Eubstancos it is 
found in combination with hydrogen^ oxygen, nitrogen, and sulphur. 
But in all these combinations there is no real charcoal, as in the siime 
sense th^e is no ice in steam. What is found in such cornbinaiioni li 
termed ‘carbon’— 4kat is, an element common to charcoal, to tho» 
substances which can be formed from it, and also to those sul>8tanetf» 
from which it can be obtained. Carbon may take the form of char* 
coei, iMt j^nrs also as diamond and as graphite. Truly no othiyr 
dement has such a wide terminology. Oxygen is always called 
‘oxygen, whether it is in a free gaseous state, or in tho form of 


ozone, or oxygen in water, or in nitric acid or in carbonic anhydride* 
But here there is some confusion. In water it is evident that t!it»rii ii 
CO oxygen m a gaseous form, such as can be obtained in a free itiiie, 
^ ozone, but a substance which is capable 

produeicg^th oxygen, ozone, and water As an element, oxygen 
^ t <^einical individuality, and an iniuencii on tlie 
^ tho^ combinations into which it enters. Hydrogen gm 
^acts with difficulty, but^© element hydrogen 
C^hon maTtl displaceabl© component part. 

m a coHfii+i ^ ^ carbon matter, and charcoal 

is 12. accepted atomic weight of carton 

carbon which enter. 
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into combination in molecules oi^ its compounds ; but tbe weight of 
tlie molecules of charcoal is probably VBvy much greater* This weight 
remains unknown because charcoal is capable of but few direct 
reactions and tho^ only at a high temperature (when the weight 
of its moleculeS'probabiy changes, as when ozone changes into oxygen)-, 
and it does not turn into vapour. Carbon exists in nature, both in 
a free and combined state, in most varied forms and aspects. Carbon 
in a free state is found in at least three different forms, as charcoal, 
graphite, and the diamond. In a cbmbined state it enters into the 
^composition of What are .called organic substances — a multitude of 
substances which a^e found in all phCnts and animals. It exists 
as carbonic anhydride both in air and in water, and ib the soil 
snd crust of the earth as salts of carbonic acid and as organic 
Temains. 


The varied of the substances of which the structure of plants and 
tenimals is buUt up is familiar to oil Wax, oil, turpentine, and tar, 
fcotton and dlbumin, the tissue of plants and the muscular fibre of 



1 Wood is the nob^ital part of Ugxieous plants : the vital part of ordinary trees is 
situated between the bcu^ and the Kgnin. Every year a layer of lignin is deposited on 
ithis part by the Juices ^hioh are absorbed by the roots and drawn up by the leaves ; for 
ithis reason the age of trees maybe determined by the number of lignin layers deposited.’ 
1^0 woody matter consists principally of fibrous tissue on to which the lignin or .so-called 
inomstiDig matter has been deposited. The tissue has the composition G0H10O5, the 
I substance deposited on it contains mote carbon and hydrogen and less oxygen. This 
^Qiatter is saturated with mc^uie when the wood is in a fresh state. Fresh birch wood 
contains about 61 p.o. of water, lime wood 47 p.0., oak 85 p.o., pine and fir about 87 p.o.' 
jWhen dried in the air the wood loses aopnaideroble quantity of water and not more than 
19 pc. remains. By artificial means this loss of water may be increased. If waterbedriTen' 
Into the poxes of wood the latter becomes heavier than water, as the lignin of which it is 
composed has a density of about 1*6. One cubb centimetre of bir^ wood does not 
Weigh more than 0'901 gram, fir 0*894, lime tree 0*817, poplar *765 when in a fresh' 
state ; when in a dry state birch v^eighs 0*6^2, pine 0*550, fir 0*855, lime 0*480, guaiacmn ' 
1*842, ebony 1*220. On one hectare (2*7 acres) of woodland the yearly growth averages 
ithe amount of 8,000 kilograms (or about 8 tons) of wood, but rarely reaches as much as 
15,000 kiloa The average chemical oom^sition of wood dried in air may be expressed as 
(Hollows: — Hygroscopic water 15 p.o., caamon 42 p.c., hydrogen 6 p.c., oxygen aftd nitrogen' 
167 p.o., ash 1 p.c. Wood ports with its hygroscopic water at 150*^, and decomposes at 
iabout 800®, giving a brown, brittle, so-called, red charcoal ; above 860^ black ohafcoal is. 
produced. As the hydrogen contained in wood requires for its combustion about forty paxts 
by weight of oxygen, which is present to the amount of about 86 p.o., all that bums of 
the wood is the carbon whiehit contains, 100 parts of wood only jiving out as much hsat 
as forty parts of charcoal, ami therefore it would be few more prontable to use charcoal ipt 
heating purposes th an wood, if it were possible to obtain it in such quantities as coxfet<» 
spend with its percentage ratio— that is forty parts per 100 parts, of wood. Geaerallyv 
however, the quantity produced is far less, not more than 80 p.c., because part of 
^carbon is given off as gas, tar, &o. If wood has to be tran^ri^ gre at dista nces, or if 
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If any one of those organic compounds bo strongly heatod without froo 
access o! air— or, hotter still, in a vacuum— it decomposes with more or 
less facility. If the supply of air bo insufficient, or the temperature bo 
too low for combustion (see Chapter TIL), and if the first volatile pro* 
ducts of transformation of tho organic matter are subjected to conden- 
sation (for eiampla, if the door of a stove bo opened), an imperfect 
combustion takes place, and smoko, with charcoal or aoot, is formed.'-* 

b# from As wood-oharcoal and tm are valuable pvotluGti, in aoino 

mtoi tbo dry distilktion of wood Is carrJod on priaoipally for producing them. For this 
pwrpow those kinds of woods ar® partioularly advantagoous whioh contain resinous sub- 
Atimots, tipooially ooniforoua treof, such as fir, plat, dfo, j birch, oak, and aih give much 
lots tar, but on othdr hand they yield more aqueous liquor. The latter is used for the 
marmfacfcwi of wood spirit, CH4O, and acetic acid, 03H40^, In such cases, the dry dis* 
illlation it carried on in stilk Tho stills are nothing more than horizontal or vortical 
oylindrlcid retorts, made of boiler plate, heated with fuel and having apertures at 
the top and iomotimoi alto at tho bottom for the. exit of tho light and heavy pro- 
ducts of distillation. The dry distillation of wood in stoves la carried on in two ways, 
either by bunding a inoriion of tho wood inside the stove in order to submit tho remaindor 
to dry distillation by moans of the heat obtained in this manner, or by plaoing the wood 
in a stove tho thin tides of which are surrounded with a fiue leading from the fuel, 
placed in a space below. 

The flrit method dooi not give such a large amount bl liquid products of the dryi 
diatUktlen at the fatter. In the latter procew there is generally an outlet below forj 
emptying out Uie <A«coal at the clote of the operation. For the dry distillation of I 0 (h 
parts of wood from forty to twenty parts of fuel are used. 

In the north of Russia wood k so plentiful and cheap that this locality is admirably 1 
■fitted to boeomo the centre of a gimcral trade in tho products of its dry distillation.' 
Coal (Note 6), sea* weed, turf, animal substances (Chapter VI.), drc., are also submitted 
to tho proocss of dry distillation. 

» The riiult of lm|H)rf©ct combustion is not only the loss of a part of tho fuel and the 
production of tmoke, which In some rtspeett is inconvenient and InjuriouB to health, but 
fXm a low fiamt temperature, which means that a less amount of beat is trantmitted to 
lh« ohJic.l hmted. Imperfect ^mbusfcion ii not only always accompanied by the forma* 
timi of loot or unbwnt partidoi of charcoal, hut also by that of oarbonio oxide, CO, In tho 
smoke (Chapter K.) which burnt, emitting much heai In works and factorits where 
large quantltiii of fuel are consumed, many appHancci arc adopted to ensure perfect oom*i 
bustiuu, and to combat agaimit such a ruinous practice as the imperfect combustion of 
find. Tho mt)st cffoctivo am! rmlioal means consists in employing combustible gosee 
(|irtMluc©r and watisr gtuHw), iHKmuio by their aid porfoct oombuttion can be easily 
vealiitHl without a lose of hoat-produoing power and tho highoat tomperatnro can 
be Kitwhiai When iolid futd it used (such as coal, wood, and turf),imjH3rfoctcombuHtion. 
ii moit liable to <»eur when tlio fmmaoc dtiors are opcnwl for tht» introduction of fresh 
fuel 11 m step furnace may often prove a remwly for this defect. In the ordinary 
funuteti fresh fuel in placoil on tho burning fuel, and tho products of dry distillation of 
ilit* tnmh fuel have to burn at the expense of tho oxygen remaining uncombined withi 
the burnt fnid. Imj^rfect combttftion is observed in this case also from the fact that 
tho dry distillation and evaporation of thb water ol the fresh fuel lying on the lop of UiatJ 
burnt, lower* the temperature of the flam©, because port of the heat biicome® latent 4 
On thii acwfiunl a largo amount ©f tmoki (imparfect oombuttion) k observed when a ttMi 
quantity of fuel Ii Introdwml Into th© furme#. Tbit may be obviated by constru^iad 
^ fuma©« (or managing the steklng) In such a way that Idi® product! of distillation pa®» 
red-hot cliarcoal twnalnlng from the burnt fuel. It Is only n«oei»ry m 
^mrdwf to ttik to allow a sufficient quantity of ai* for p^oct ccmbui^km. AH' thlif 
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If ftftj cm© of them orgicnio eom|>o«iiicls bo strongly hentcd without frco 
aocMiss of idr -cir» \mitm In a vacuum— it clecomposos with luoroor 
loss farillty. If the iupply of air Im iniutllcient, or thii towporaturo bo 
t€m low for combustion Chiiptar III.), and If the firit voktilo pro* 
duoti of traiiiformatlon of the organic matter arasulytH'tocl to concicin- 
sattoii (for oxAinpIo, if the door of a stovo bo opotitnl), un iiuporfoct 
coiiilmiitioii tak« pko% mii smoko, with charcoal or hi fornuHi^ 

be ohtftlatd teim wood, At Ur we viUtuilibv In inniH* 

Hit dry diililUlltw d wcmhI it on prionlp-fiJlly for i^rcKlucung F«>r ily» 

|airp»i© llie*« klndt of woctli we imrllottlarly i^vantagtout whieh coiitilii Wilnoui »«t>- 
wfilUjrou* tr©«t, nmh m fir, pine, <lro, | Wwh, oak, and atk five mmh 
l««i tWi bill f»i Uw other hand they yield more a^uooui Th@ latter Is wed for the 

of wooil iplrit, CHiO, and acette anid, CsH 40 ^. In B«oh aatei, thi dry dl»- 
tllkllofi Is earrW cm in Th« Btilln are nothing more than liorliontal or vertioid 

eyllndrlosJ rotorit, made of boiler plate, heatoil with fuol and havirig fijwrtnro* at 
th« tep and scimiJthnim nlao at the bc»ttem for the. exit of the light and heavy pro* 
duete of ditttUktiun. Xho »lry duitillation of wm>d in lUwea jg ewrjod on in two wayfii, 
oithor by bnndng g i^»rii«»n c»f tho w<«»d itigide the stove in order tt» oubinittlw rennaindot 
to dry dlgtilktit»n by moans c>f the host obtetmal in this manner, or by plwing th© wcM*d 
in a utevo tho thin side® of whish am surroandad with a flu# teading from hud, 
plaotfd ill a ®|me« twehiw, 

Tht irtl method does nol giv# iudi a toft amotmt b$ liquid prodtiels of tJi# di>| 
dWll^wi m Ihi I>a tl» kttef pottss. th»® t# g^wally an outlft btlow fori 

tmplylfti m% th# thaw«d al tho oloi# of^ ^ elation. For’th® dry distillation ^ lOO^ 
p^tin of wciod from forty to Iwimfcy jmrte of fatl sro asod. 

In the north of Kuiigia wchmI is m> plontifal and oheap that this locality k ?»‘lmimhly 
fitted to Iwrome the ronlrw <d a gmtoral trade in tho prculucte C)f its dry distillatiom* 
t*<ml (Note 0)i Itirf, animal wahatmacos (Chapter VI.), are alio iiabmitted 

to tlio powsi of dry dliUUatUm. 

* Tim rtitdl of imp^rfiwt ctoititmation is not only tho lo^o of a part (d tho fuel and tho 
|>rod»olloii #1 »wok#, whteh in mtm r#i|j#ots Is Innoavimiont and Injurioaa to hotdih, but 
km ft low iam# teiiji|i#mltt.ro, whioh moans that a kim amount of boat k transniitted lo 
^ Iinptrfoel otmbuidioit is M only always ao^mpanlwd by tho tema» 

tte of wol or unbwnt imrtteto of ohmrmd, hut alto by ttot of oarlsinlo oxide, CO, in tho 
•iiitifca (Ohaptir IXd whieh burns, nmityng mueh heai In works and faoterlfi whero 
laif t t|tt«iliti«> of fuid are r*miwmiHl, many appllanets are adopted to onttir® ptrftol eo«*l 
bu»li*.n, Mu\ !«■* rtsnbat agnliwt ®«eh a nihtuua praetieo is tho eowiboillori of‘ 

fmd. Tho most and HMlIeal mean» e<»nsi«te In employing oomboitlW# gait# 

(ptmiumt and water tew.mime tiy thoir aid jwfocst eotahuatiem oiiifi easily 

foalltiwl willittul a h#»s ef hmt«pr«iuojng |a»wor and the hlgherit temperaturtt can 
tw Whwi «‘hd fuel Is usoil (such as eoal, wcm’wI, and turf),iin|)4?rfeftcombuiiii«)n. 

Is I'liriil llfthi# III iawjtir when tlw fuimaoo dmirs are ciiamtHl for the intr<Hhu;il«»n c4 froih 
ftt#b Th» step may often prove a remeily fcir tide «b*f«*rt. In i\w oniinary 

fuel h |4ftootl on the burning funl, and the priMhudM of tlr| diitlllatifin of 
Ihe lfi«h find havii b* bum at lh» oxpanso of Um oxygon roniiuning untMiwhlftod with' 
lti» liurtil fuel li«|wrfiH3i waiibuithm Is ohstrtfd in ihi» oaw ahio inm tl» tot thah 
lliii ilry diilillallon and eva|«,>ralitiii of Idth water of tlm fresh ftisl lying «i Ihi top ©f thali 
titiriil, lowers Ilia tewti^ralure tlm dam©, ti#osttsi |wt of tho lio*t Im*ccw»s latentJ 
Om tills wwtmnfe a totti awiouni of swoks {imperfoot eombustioil Isoli^rvfd wh«a ft 

r uitlll of fo«l ii lute Urn fuimoo. This may obvlat®cl % e«riil«elk^ 

flit itiMiagiiii the skiking) in sttoh a way that Cm |m^BCte ^ dittillfttkft 
lh» phI-Ika rwttftlfdfig teom tes burnt fu#b II fi mfy m 

te lh.l* te ftUrtw a suttiltui quantity ul «lf to pwtol SM Akf 
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FRiHcifixi or vmMinm 


Tlio mtttroof (irkliui fmm If, art Ih# 

»ma fts th&m prcKlurril 1} hmtmg nitv/*’ tlmt |^rt wliiii|i ii in ^ 



gifeiiOtti m ’rciktilt pmltirt#, pt, m lli^j ilm pri^luriA 

dry dwtillMirift. If flit? of flir» mm finsird t|ii^»y|b 

m strongly llii’y art again in m ri|riii|.iir iinituiiM- 

mi fimliy thojii?ii4vtfi into liydn^t^ii ftiicl 
thw vwfiom firt»ii«oti nf f|iw«|-^«iiiilicsn rt«il«ifi n isti«ll#»r fniintmi «f 
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volatile {mhyitmnlng a part of orf»k m&ttor* mm»in 

behind with the cliarooul Thi-i tar-liko iubitMoi*, whieh r<w|uin:s a 
bigli ten)i|>erature in order to diKioinpoao thorn, also Httmiii talEod with 
eliarcoal If a volatile orgauio iolMitfinco, snch m a gtatom Wfapottnd 
containing oxygon and hydmgtui, Im> Ukan, Um mrkin toparmtes on 
passing the va|)Our through a tube ImbMl Ui a high tompiiratur®. 
Organic Bub®1»aooi when burning witli m iniufikiant supply of utr 
give off soot—that is, chared— prooeeding tmm earlmn conipfiuiwlM in 
a state of vapour, the hydrc^n of whioh hm^ by oombuition, teen 
converted into water ; to, for instancy tu-rp«ittto^<^ mphth^eiiiii and 
Oilier hydrocarbons whioh are with difficulty dd^mpowd by h«it, ©atlly 
yield carb<m in the form of soot during combustl<m, Ohlwine and 
other subitanowi ’Which, like oxygen, are capable of tikkig up hydro 
gen, and also sulwtanoet which ur© capable of taking up water, om 
«dso separate •carbon, from (or char) most ox^anic iubitan««. 

Wood charcoal is prepared in largo qumitliioi In a sinular inarmer 
— that is, by the partial combus^on of wood/ In nature a similar 


Vhioh wood mkdmgom at viurSoiSMi whm imhsdUid to dfj dkaOMIw Iff 
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* objiofc of |Wodttdtt|f ffw« wood bwi oi£|»kiabd in Nol# I. 

Wmd eh(mml it obtainnd in ilaofa by parlWily bnmiuf Um wim« 1, «« by 

famwi of dry diitilkibn (N«ilo 1) tho ttooo««i ^ «ir» It to pfiiiei|«ily mmm» 

factnrod for mot*lUirgk«d itnx^iioe, fw »in«lUi^ »d iwii* Tl» 

ftnip&milon of oluiriioM-l in pitu^kM Um <»iio fli4n'iiuiikgn^ mul ihnt to nii.| il tiuy b« doftt 
ou any ijKit in tho Hint in tht» way aU tho |midool« of diy dijiUtotk^ IM 

For chanKMd burning, a |»iU» <*r utm^k to gon^taily ^bnUt, l» wWoh ^ top aw |3ii«od 
oIoBc^ k>giiU»or, «)iOu»r horl^jutolly, vorttoalJy, or iimUnocI, UmuhAg a itwib of fmis id* 
to fifty font in diainoto^r and tmm torgt^r. Unitor tho awi wsverid air 

|)A«i4if4ii, mhI an o|Hinlii|| in Um inidiUn to* tot out ilw aiw-*ko. Xl» iurftt«« td ih# ©tou-k to 
oovowkI with 4»arib wnd iHKto k» a fHinaldwmbto lUtokm##, wjMReldiiy Um |mii, in 

orttor to hindisr Oiii fwm of air and to ««in©onirato ihu iiiakto, Wl»ti tl» 

»t4Wjk is kiiidliHl, tho |dto ■ Imginw to ^jIUo dt»wn by d«gM«% ami it to tiMin ai»ii«iy to 
look ftftor ihii turf »»i|jg wwl kmip il in r«nmif. A* tli© w«iilmitk»B tl%f««ifl»tt4 

Oio wkd© pil#, Um toinjHiratnn» tiwm Mid real dry diatiltoltai tl ii Itoi 

fwieesattry bi sU»ji thii air iuikfi, in cird« m mttoh M to mm* 

bastion. Tlws imtum «if tbe |»rt»oo»» is, that inixt of tli« #tt«l bwnai «»d il®vdio|>i li«tt 
ttqairiid tor subjcicfcirig ibo romaimtor to dry ilistiEalto. Tb# otondiig !• ttopprf 
tto pfodiwti of iliy cltolllktion, whioh wr# «iuittod» »« k«f«r liiurii with n brUltal teM, 
but 'tht bltti tea# of twliimio oikli appeiiriw 'Biy wood yi«W« 

dowth ito w^bt ^MiioteL 


*3 











|«t A <* i* »l»t4# in W'mt 

(ftfKKWttk tMl Miii. UMf * w4iSi#t«s» mU%M l» «♦!»# imm^¥ mUl Xlk^ Hi. 

^ 4if%l«l ten»«i mi I4i^ mhiimmK h ^im 4m t.f « iiifcfw,i 
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now utilised ©varywher© m tho prind^l matorW for hefttiug it^am 

<joinpoi»«nt pivrtf (iHJiit fttwl lignitoi, %vm in their liiit ««ditkm, itili »atliiu« te tvolvii 
nitrogen, o»irlK>nio i«);hy4ridi»,ii,n«l inariih gasoi} Umn mal C«U li % itni® 
bhujk, with an oily or gkwy hwko, or moro rarely tlwU wifehoat ft»y 
tftblo Btruoturo ; thii cliHtingtkMhtw it in a|»)[»oftriuu;^ii from iho luajtirity of llgalloi. Tim 
tenuity of ood (not oimallag lh« «lmi,xtttro t)f pyrikm, ite.) varion from TSi {dtf bilu- 
minoui coal) to 1*6 (wjthrttcibi, flwti©k««h ami iivon rinwhoi I'O ia th« very tlimiii vwHoty 
of coal found in tho Oloiiofciky govsmmtni (toniwd tlmrigite), whieh ftucwrdiisg to th© 
Invistigations of lttOitr»tosfl may b® m tim ©stroino nuirnbtir of th« 

vftrioui forwii of eoil. 

In order to explain tlm forinftllon of ©oal from ftfotobl© mafetor, Capilwil d« k Twor 
anoloiod pim%$ of dried wood In a tub# and heated Hitim to thi boiling of moremryi 
when tho wood wai ohanpd into a iombSiquid blaoh matt from whloh a tubwlaiio# 
axoeodingly like ooal topamtod. In thiii manner time kindi of wood fortnod eo^ whMi 
on being heated kft ©aking otoer« non-eaking ; ptmimlf at w# find with ^ 
natund varioiioi of eoah Violitte riiniated ihtso iiqmrimonte with wt»d drl#d at 180*, 
and showed that when wood k dooompo'iod In tihk way, a gas, an aqu©ou» liciuori and a 
roiiduo aro formed. Th© latter at a temirorature of SOO*-* hat fell© propurtks of wood 
oharooal iweompktely burnt ; at and higher a horaogouoous ma«i like cicwiJI It formed 
which at itt densts and without oavitka. At ih© realdoo riiiombtoi antliraoite. 
In nature probably the doeompoiltlon wa» in rar# oftats off#et#d by h«t alcin© } itt«# 
generally it waa effaoted by moani of water and boat, but in ^Ihmr mm Iht roenll ought 
to be almoit the aamo. 

Thi averftfi eompoeftion ^ OMd oompfited tmm mmf m^f§m, dlMi^pifdlnf tiM 
la m followf* 84 pwfti ^ oark»i 6 ^pte ^ hy^bf^», 1 |iwpt S p^rli 

my$m, 2 ol anl^ur* Tho q waMly of k on im atoraft' 8 p,©., b vl wt whyb 

contain a larger quantity, and nafeuridly they ar© not to advaatafooui for ut© m fnA 
The amount of water d<io© not naually isxeood more than K) The muthraeiim form 
a remarkaldo variety of coal a, they do ntit give any volatile prcKluetM, or but a mry tmaU 
amount, ai they contain but little hydrtigtm compared to oxygen. In tSie average oom* 
petition of coal wo taw tliat for 8 imrte c»f hydrogen there wen? B |mri« of oxygen } 
thortfore 4 parts by weight of tliii hydrtifon aroeapabl© of forining hydrtH?arki«i, l»mmm 
I part of hydrogen k nooeiiary in ortitr to ft»rin water with the 8 parti of oxygon. Thott 
4 parts by weight of hydr^oa m^mn 48 pwpte df cart»n into voktil© pjpi:idtt©te, 
beoauii l pari of hydrofin by w«ighl la lh*i® wbiteneot «mibin«« witli li imriii 
oarbm. The aatoraeiitt differ iewnMiJIy imm tWi i nag luefeing th® ash, lh«ir 
oompoiition is as follows i 04 pwfte of oarbon, S <ff hydrogen, and ft ^ oxygaw and . 
nitrogen. According to the wmlyicB of A. A. Voakwiieniky, feh« Oronihoiriky anthmoil© 
<Don district) ctmteina; C«^*y8‘H, H*-* 1’7, aah'^ Pfi. Theroforo felm anttiriteltea 
but little hytlrogen capable of combining with the earkm to form hyd!WMttifbi»i whidh'* 
burn with a Ihuiu?. Anthracitei are the tddest forms of coal. The new«#t and ImsI %rm»^ 
fonnod csoak, which retemble «omti ol the brown vorktiiis, are the «frp omk. They bum 
with a flame like wwhI, and loavo a coke having the appimraneti of lunipB td c«wl, hall ; 
their com|««int parts being absorlaid by tho fkinii (thuy contain much hyilrogon and 
oxygon). Tho remaining viuittlof «rf ciml (gas coal, imithy coal, coking, and anllir««?lto) 
aooording !©■ Orllner In all fnnn ooimaciing link# betw«a?fi th« ilry «imk a»d^ 

the anthraoiteit llmiio ct»als Imni wlUi a very ainoky flame, and on Iming boated Imm 
which Iwiars the ttino roklltin to eoal that oharctiai does to wo«l. Tte fiuaiillfey and' 
<|aality of coke vary considerably witli the di ffufant of coal fwim which It in, 

formi4 In jirai^titm «*© mm% often aialied by the pro|i«itfe« «id qttaiifeitf 

dl Ih® which they give. In llil« imrtioular Ihii w#*c»lliid blltiitiinfiiw coal» mm 
«^^ally valiialdc, 4« «v«n tliiii *l*ek of fehk kind gives m dry dislillaliiiii lai*« 
uaawitt «l coke. If large |ii©^« of Hiewj kinds of emi o^i atihjeol^ In dry dklilk^©^ 
Ih^, m il w««, moll, flow b^iUiiir, and form oakiiif of ool». R# fetrt ^tef 

^)als gift m PM, d dmid eakliif ecife«. Stidb oofti k valuay# 
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boilers, and in general for aU purposes of beating and burning.'^ 
Russia possesses many very rich coalfields, amongst which the Donets 
district is most worthy of remark.® 

During the imperfect combustion of volatile substances containing 


puiposeB (see Note 8). Besides coke, the dry distUlfttionr Of ooftl prodoces gat {im further, 
illuminating gas, p. 881), coal-tar (which gives beraene, carbolio add, naphtlmleiM, tar 
for artificial asphalt, .Arc.) and also an aqueous alkaline liquor (with wood and ligoit^ 
the liquid is acid from acetic acid) which contains ammonium carbonate {$m Note 8). 

^ In England in 1860 the output of coal was as much as 48 millioa tons, and in latter 
years it has risen to about 190 millions. Besides this other countries contribute 800 
millions — Russia about 6 millions. The United States of America come nest to England 
with an output of 160 million tons, then Germany 90 millions ; France produces but 
little (26 millions), and takes about 6 million tons from England. Thus world con,* 
sumes about 600 million tons of cool yearly. Besides household purpose coal it 
chiefly used as fuel for steam-enginea As every horse-power (®»76 kilogtammetres per 
second) of a steam-engine ejq^eads on the average more than 96 kilograms in 94 houre, 
or in* a year (counting stoppages) not less than 6 tons per hbrte-powtr, and ther© are not 
less than 40 million horse-power at work in the world, th® oonsump^ca of 
motive-power is at least equal’ to half the whole production. For this reason ©oal 
serves as a criterion of the industrial development of a country. About 18 p.0. of 
coal is used for the manufacture of oast iron, wrought iron, steel, and artidea made of 
them. 


^ The principal coal beds of Russia under exploitation are : The Don basin (180 
million poods per annum, 62 poods «1 ton), the PoHdi batin (Dombrovo and others 
120 million poods per annum), the Toula and Eiasan beds of the Moscow basin (up to 
26 million poods), the Uwl basin (10 milHon poods), th© Caucasian (Kviboul, near EutaiaK 
the Khirjhis steppes, the smithy coal basin (Gov. of Tomsk), th© Sdbtfdln®, Ac. The 
Polish and MCsoow basins do not give any ook^g coals. Th© pr®®©no© of every variety 
-of coal (from the dry coal near Itisiohansk on the Donets to the antbracitet of the 


entire south-east basin), the great abundance of excellent mctaUurgical coal (coking, ##« 
Note 6) ^ ^e western pari of the basin, its vast extent (a® much as 98,000 iq. verate), 
the proximity of the seams to the surface (th® shafts are now from 90 to 100 fathoma 
deep, and in England and Belgium as deep as 600 fathoms), the fertility of the noil 
(block earth), the proxiniity of the (about 100 versts imm th® Sea of A*off) and o4 
the rivers Donetz, Don, and Dneiper, the most abundant seams of exciJteit imn ore 
^orsan Mogila, Krivoy Rog, gotdin, Ac., Ac.), copper ore, mercury ore (ueAr Nikitovka, 
in the BaMimouth district Of the Ekaterhaoslav Gov.), and other ore#, the rioheti 
ptobably in the whole world, the beds cl rock-salt (neaV the stations of th© Stoupka and 
Brianmvka) the excellent clay of all kinds (china, fire-clay), gypsum, slate, wndatone, 
and other wealth of the Don coal 6am, give complete assurance of the fact that with 
the gmwth of industrial activity in Russia this bountiful land of the Oossadki and New 
Bussia will become the centre of the most extensive productive enterprise, not for 
^ reqwenmts of Rusda alone, Tjut of the whole World, beoaus© in no ©l^er j^Ac# can 
befo^Afiu^a^oaitration of favourable condi^ons. The growth cd «at«priie iwad 
to^edge^getber with the extinetlon of ie forests which compels Rusria to foster 
tJi ^ about this dedred result* England with 

wmeidmi vessels exports a4mr#y about 26 million tons of the price 

ofwcdQ coal corti life than 6 
anthracites and semi-anthradtee (like Cardiff w steam 
mefcallmgic^i coals we able bo^ in 
^^^^ond ^ fasisdioua requirements of the h^ustry already 

Ow Don bwA only »t n ^ptb 

ot 100 firfhon^ 1^000 noUion po<d. ol cod li. w.itln«io b.w 
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carbon and hydrogen, the Iiydrogen and part of the mrboii irst bum^ 
and tho remainder of tlio carbon forma soot T&r> pilclji and limikr 
substances for this imtoii burn with m smoky flama. Hmt »oi k 
dnoly-divided charcoal wparat^l during the Imperfect combusMon df 
tho vapour® and gasw of ©arbonaoeou® iubstanow rich In carbon. 
Spocially-proparod soot (kmpblack) I® very krgely used as a black 
paint and m large qtwmtity go« for tli© manufiicture of printen^ ink. 
It is prepared by burning kr, oil, natural fas» n&phtim, Ac. The 
quantity of organic matter remaining undwmposed in tha charcoal 
depends on the temperature to which It hm l»«ai submitted. Oharcml 
prepared at the lowMt temperature itill oontaini a wntidirablo 
quantity of hydropn and oxygen— even as much m 4 p.o. of hydr^ea 
and 20 p.o. of oxygon. Such charcoal itill pimerves th© structure 
the substance from which it was obtained. Ordinary charcoal, fcwr 
instance, in which the ©tinoturo of tho tree is still vlaible, ii of 
kind. On submitting it to further heating, a frcih quantity of 
hydrogen with carbon and oxygon (in the form of gmm or volatil® 
matter) may be aepawited, and thm puroit charcoal will b© obtelned m 
submitting it to the grmt^ hm%fi If ll h 9 r^ulrdi te p pu©© 
charcoal from aoot It It aeo^^ry Awt to wash it witih aWbio! and 
ether in order to removo the soluble tarry products, and then submit 
it to a powerful heat to drive off tho Impurities containing hyilmgoa 
•and oxygon. Charcoal however when completely purified dinm not 
change in nppeamnoo. Its porosity,^® bod conducting power for heat, 

® Asifclsdlffl««ll te je|»mte fwm tlie diMwinJ Om ftali — iWl k, tt»# 

MrOiymrtlwr coateSadl la fch® vtg^WttohiliwMw uttifor pre4ttel«Kiilift3r«^*-iH 
to obtoJa ll to ll li to nm iwh m d® 

«ol contoln mj «li, rtiatd m parli^ fctiicwr, 

<srystoUii©a torWc fteld, 

Tb# mvilliii to aw Ihn Ihmafli wliteb Oioift Tdlam« 

formed al Urn wmiti timo lh« cthwtHii^l hitiv«i jJHiWMl, Hiwi itogrto of poiMlIr of 
CDflJ vttrioi o<»uiiitk»mbly, iiud hm «, fewdinl^iU to diffowBl kteili of tliiymwd. 

Tho moil itorooB oharr^ml I® vitry light ; o. tnibto oieiwi of wood ohofftiml wiililis iktowaa 
9(M> kilqHimma. Miuiy of Ihti of which ttoputtd it*idttMV«4y on Ito 

porewity aw ihaml by mniiy olliirr mibatotioiw, and vary wiOi th«» **f lt»# 

ohiuxioiji «ul mx Ihii way It wm pr«i|mr«i Tim |»ro|wrty which rliaw>*ml Imu fit 

ab«c>rt»ing lh|utoB, Mid mwiy Ptth».tonr4'*« in Im n cn«> in imini. Ttm 

donwil kind of tihartarml in forirMsil by th« iwaion of litmt <tn nnunr nnil olhi?f fimUio 
iuhitonoo®, Tito grf^y itonw^ foniiiMl In g«.g i» nltto of ikh 

Tlik d«nin ncikn oonneto mx tlio iiitonitti walk <*f Hi© rf»tort» wibi»€ilt«I to 
Slid li |wo<toai«l hy ili» vi|im.rs mil g»iM fesa ih© Imtodl ©#id iii ill# »b*rto, 

Xa vlrla® of lli d#ii«ily nutdi «»kti Mt gtnid of the giiJvMile 

«wl ^xlmmhm ic»phlto. It It |iriwl|mlly nm^% In gidmnin tmtmkm, of tti# ttoyp. 

cod renidniiig toim Hi# lm|«#»rf«?et of ©iml anil |*ffy k tlwi titti 

•l%hlly |M'»rims, Wlhant, 4w« t«»l mnl nr nnyrk |^|w, li d dit 

to©d% ^ ritohito^ amt iolkl*, muI not dwaitti Th* llglit aiiito 

ohaiood praducod Omu cbnmd wcxidh mx lit# cHtoor iMsAt ikw toii SJbMpyta la 
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capability 'o! absoi^bing the luminoxis rays (hence its blacinew and 
opacity), and many other qualities, are familiar from evaryday «■* 
perience.'^* The specific gravity of charcoal varies from 1-4 to 1*9, and 
that it floats on water is due to the air contain^ in its pores* If 
charcoal is reduced to a powder and moistened with spirit, it imme* 
diately sinks in water* It is i7\fu$%bh in the furnace ami even at tlie 
temperature of the oxyhydrogen flame. In the heat generated hy 
means of a powerful galvanic .current charcoal only softtins but does not 
completely melt, and on cooling it is found to have undergone a <iom» 
plete change both in properties and appearance, and is more or km 
transformed into graphite. The physical stability of charcoal m 
without doubt allied to its chemical stability. It is evidesitly a 
substance devoid of energy, for it is insoluble in all known litpidi, 

A most marked degree. This property is partioolarly dov«Iop§d in Uiat mry fin© 
friable charcoal prepared by heating animal aubataneei iuoh a§ hid®i and bimei. Tk^ 
ahsoi^ve power qfelia/rcoal for gases is similar to the condensation of gases m »pOfif| 
platinum. Here evidently there is a 6ase of the adherence of gases to a solid, |nreei»«li 
as liquids have the property of adliering to various solids. One volutnt of charciml will 
absorb the following volumes of gases (chiuroc^ is capable of absorbing m Immene# 
amount of chlorine, almost equal to its own weight) 


SauBBUife. 

Boxwood Charcoal 

I'avro. 

Coooonut Ohorooal 

Hmi mtttid 
ptr gram of gat 

1 NHb 90 

00a 95 

1 ^0 40 

1 HCl 66 

179 vols. 

90 n 

165 „ 

4P4 units 

150 „ 

169 „ 

974 „ 


The quantity of gas absorbed by the charcoal inoreaa## with the prcsiure, ttad t# 
approximately, proportional to it The quantity of heat given out by the 
nearly approaches that set free on dissolving, or passing into a liquid conditloti. 

Charcoal absorbs not only gases, but a number of other subitanoea For inttant?#, 
alcohol which contains ditegreeably smelling fusel oil, on being roixetl with charcml of 
dltered through it, loses most of the fusel oih The practice of filtering 
through charcoal in order to get rid of foreign matters is often ai^dlcd in diomleid »»d 
manufacturing processes Oils, spirits, various extracts, and vegetabte wad o&er ioiti* 
tiotts are filtered through charcoal in order to purify them. Th® bleaching power of 
^aroosl maybe tes^ by using various coloured soldtiouft->»>iuoh m anilltii dy«% 

^ Charcoal, which has absorbed one substance to »t«»tion ii still ©ap.bk of 
a^Wng c^^other substances Animal charcoal, produced in a very. flnoly-divliM 
Mate, socially by heating bones, makes the best sort for purpc^ ol abiorpiioa. 
Bone- charcoal is used in large quantities in sugar works imt filtorinf syrupt «d tdl 
BwsMianne solutions, to order to purify them, not wly colouring and odarosi 
ma^ te ^th« Ume which ismixed with the toerfet to renaer Mhem lew 

«nmg boO^. The absoiptlon of lime by aohnel cheieoel dcpwiae, to <01 
oomponeat petto ol bo»o ehetcoel. 
e TOt, l)ad ^doctor of heat, end tWoie forme ao eioell^t 

Aohar<!oeJU,angiaoHet.i.«ld 
“ aoe. not toolt aad J a tor 
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aud at an oniinanj dmi mt emnbim mA an^thinff ; ifc 

1$ an inaoti \'’0 subsitaiica, like nitrogan**^' But thes® propertlei of 
charcoal chango with a ri^ of tompomturo ; ualiko nitrogon,. 

jObarcoal, at a high te»np«raturo» conibinos directly with oxygen. 
This is well knowjt, as charcoal bums in air. Indeed, not only doea 
oxygon wniinm with dMrcmxi at' a red hmit, but sulphur, hydrogen, 
silicon, and alto iron and some other metals do go at a vtsry 
high teropomture — that it,, when the moleeulei of tlie chiircoiil havo- 
reached a state of great instability— whikt at ordinary tempemturea 
neither oxygen, sulphur, nor metals act on charcoal in any way. 
When burning in oxygen, charcoal forms oarbordo anhydride, CO|,. 
whilst in the vapoura of sulphur, carbon bisulphide, CS|, Is formed,, 
and wrought- iron, when acted, on by carbon, l^ecomes cast iron. 
At the great heat obtained by passing the galvanic mrmnt through 
carbon electrodes, charcoal combines with hydrogen, forming acetylene, 
Oalli. Charcoal dexsa not combine directly with nitrogen, but in thcK 
prcionoo of nmtak and alkaline oxidw, nitrogen is absorb^, forming 
a metallic cyanide, as, for instancy potftwdum. oyani^ KON. 
From ttiese few direct <»mb!na^o*» wMoh ^lypcoiJ k mpiblo c£ 
entering Into, may be derived, thw^ numwroui ^bonyft^ous compounds 
which enter into toe compo«iti<m of plants and anim^, and can be tout 
obtained artificially. Oortain sukitances containing oxygem give up a 

O Hn) uimltiimnility of cliMwml uiuUr Iho iwjUon of ibjioiioiei, wUloh 

r etjo© olMkDgOi Ift III® majority of ®loi»y wtid mttaUio i» olUm miwli! nm\ «if 

praotioe. For oxwapiti ohMooid I® fr«HiB«lly uimmi i« Iniutukry Tho 

surfM® of wood ii often obarrodi to rondojf ll doraia® in thow plawi wliofo Oi® i§, 
esmp sad wood Iteolf wouM »«* m%» Th» ehmkm* for iii lom® worki Umtm} ihnmgh 
whiob $dd$ poM {Imt mmpUt mai hydretoMo) In o^ltr te bring ihtm into 

ooniftol with Of Uqttlii, tm ttW wllb m eokt, ordiuwy teia- 

l>®fatnrt» il roibte th® M'Uoa «T«n lb® s.tiongi^ 

*rt>o Moqiienn® (1«0S) discoviw^ tlml o^boo It o&|mbI« of oomblatef wllb Ik® ^nU 
fn®to3&. A SO p.o. tun&lgom of th® moUte wm Iwiated to ® r®d Iml wilb obarewU pwUit 
in o miroMii of hydre^gon. Tb® o«m|«niiula »o obteltml iifwioiiodj'ttffewr lb« iwMfCtttj 1*®A 
boon drivon c>0, tbo tximiK^illou® liaGti HrC^t CaOf. All Uw# ««o^ttaiii rtftei wiib 
Woter forming ttootyloao, for ©iMopI© : 

IlftCa 4 . »II»0 « CtHa + IkCOIIk 

III® barltim tmrbido ft® n of Reftlyteno. Ho obtelotcl Ibis 

ecmpoeatl by hoftllng earbormte «l bwium, mtt|pio«ltim jK»wdMr, i«id r*4orl carbon in ^ 
r®rma foroaoi (BsCO^ 4’ SMg 4 * 0 ■« bMgO 4- linC*). On# bumln^l gnutoi of ikCf ovoteo 
t,S00 te Mte C.O. of KMJolylene, mix«^ with atoot i-S ^ bydrofwi. 

rAWwi of acolybm®, to U,mm molilllii mrbliiii te ttldeiil tmm iim fiiot 
tbfti ttifii miitiUi (Cft, 8r, III.) S ftlomi of liyirt.^ii, wid lli#r«fo» Cflltt mrm- 


860 


PBIKCIPLES OP CHEMISTRY 


part o£ it to charcoal at a relatively low temperatom For inita«iO% 
aitric acid when boiled with charcoal gives carbonic anhydride and 
nitric peroxide, Sulphnrio acid is reduced to sulphurous anhydride 
when heated with carbon. When heated to redness charcoal 
sorbs oxygen from a large number of the oxidm. Even such oxides 
as those of sodium and potassium, when heated to redness, yield their 
oxygen to charcoal although they do not part with it to hydrogen# 
Only a few of the oxides, like silica (oxide of silicon) and lime (calcium 
oxide) resist the reducing action of charcoal. Charcml is capable of 
changing its physical condition without undergoing any alteration ha 
its essential chemical properties— that is, it passes into Monicrtc or oHo- 
tropieform. The two other particular forms in which carbon appears 
are the diamond and graphite. The identity of com|)Otition of these witib 
charcoal is proved by burning an equal quantity of all three aej^rafcoly 
in oxygen (at a very high temperature), when Mch gives the same 
quanri'ty of carbonic anhydride— namely, 12 parts of charcoal, diamond, 
or graphite in a pure state, yield on burning 44 pwti by weight ^ 
carbonic anhydride. The physical propertiw present a marked con- 
trast ; the densest sorts of charcoal have a density of only 1 % whilst 
the density of graphite is about 2*3, and that of ^ diamond S*6. A 
great many other properties depend on the density, for Instance com- 
buBtibUity* The Hghter charcoal is, the more mdly it bums ; graphite 
burns with considerable difiSculty even in oxygen, and the diamond 
burns only in oxygen and at a very high temperature. On burning, 
charcoal, the diamond, and graphite develop diflTerent quantities of 
One part by weight of wood charcoal converted by burning Into 
carbonic anhydride develops 8,080 heat unit® ; dense cliatwal sepMmtod 
in gas retorts develops 8,060 heat units ; natural graphite, hmt 
units ; and the diamond 7,770, The grater the density the the 
heat evolved by the combustion of the mrbon,** 

By means of intense heat charcoal may bo trMwfom^ Into 
grapMte. If a cbarooal rod 4 mm. in diameter and 5 mm. long be 
in an exhausted receiver and the current from. 600 Bunion^ elmnent*, 
placed in parallel series of 100, be passed through it, the chawml 


subjected to peeswoxe, charcoal loses hm^ bwaoe Ibt form to 

Uae l^^dense m a solid to a hqmd, or as a oompottaU to tot* 

^ndusion may be drawn that^ the molecules of graphite em tmm oomptex Aia 
of charcoal, and those ol the diamemd stiU more Th© Wicifio tlift •am# 

the inomeed ol 

of At ordinary temperatures hmk of ehawi^ to 

toe diaanond 0*147. For retort ca^^ L© CtoMi«r (im) 

atomic wmght varies, betw^O® «d ftiT, to 

jChapto^* ^aen mp mS. lOOr. im» 
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ftedomosBtrongly incandescent, partially volatilisee, and is deposited In 
tlie form of graphite. If sugar be pkeed in a charcoal crucible and 
a powerful galvanic current passed through it, it is baked into a mss 
jeiinilar to graphite. If charcoal be mixed with wrought iron and 
Iheatod, cast iron is formed, which contains as much as five per cent. 
charcoal K molten cast iron be suddenly chilled, the carbon remain# 
In combination with ihe iron, forming so called white emit iron ; Imtif 
the cooling proceeds slowly, the greater part of the carbon msparatos 
in the form of graphite, and if such cast iron (so oallod grey cast 
iron) be dissolved in aoid, the carbon remains In the form of graphite. 
Graphite is inet with in nature, sometimeir in the form of large own* 
pact masses, sometimes permeating rocky formations like the aobiste 
,or slates, and in fact is met with in those places which, in all proba* 
bility, have been subjected to tlm aotdon of subterranean h»t.'* The 
graphite in cast iron, and sometime# also natural graphite, occ'asionally 
appears in a orystallino form in the shape of six-sided plates, but more 
often it occurs as a oompaot amorphous mass having the characterise 
properties of the familiar blaok-Ic^ penoU.>* 

The diamond is a erystdline mud teansparent form mudxm. It it 

Thws are pla<M where enthntite' ipndoalljr <dMa8ee late graphite ae stmH 
aink. I myaell bad tha opportonify et obeerviog this gtadnal tranaformatleB (a Ibe 

vfiJloy of Aoikt. 

Ponoils mwle of gmphifco workfKl op into a tomogonooutt mitia 
ting, powtloring, and oleanting it from oatihy imimrition ; tho lm»% kimiu «,w midio of 
^mplotoly homogom«m» gra-phltf «wn op Into fchii riKioiiito aiioka. Clm|iWi# i» ItmmI 
in many In Ettwia tlm iO.«all«d AlHwiniflfaky gmphitt in |»artir«krl| wmiwnod | 

it k fonnd in tko Altai moontaloi nmr tlii Cklt»§«» frontier i in mmy in Finland 
>m& lik«w!i« on tk« b«iki of tito lityi# Tniifcmik% diio fi-mml a timilibrakl# 

qaa^tlty of gmpWt#* »ii«d wiA la te Bwklnif mi 

pots for mtltlnf mttala. 

Grapkiti, Hkt mewfe forma of okawoals *till «inWini a otrtalii ^nanyif of kytlfofmi 
oxygon, and auk, m tliafe in it» natural «iato it iim not otmldn »ott ttiM ^ d[ 
oarlKiru 

In priwtioe, graphite h parifliHl iinudy hy waaklng it wh«n 111 a ‘gtO'ttwl 
by whitjh nuMUii the hulk of th« eartliy matter may 1» w|mrftt«i4. Tli« ftilltiwlnt pWNii#*i% 
propoiwnl hy BrinHiJ, ooniiili In mlKlng tho |K>wder#t| graphlha willi |mrt *»f it» WBiglil 
of iKitainium oWorato. Th# mixtur® k then h#*t«l with ti*» wplght of eUtsiif 

iulphurio aoid until no more wkirifiircmi gatiia arts emitliMi; on ro«4siiM, Ihe iiiiilnrn in 
thrown into water and waihinlj Gui graphite h then drhitl and huAte*! t« » rwl heal| 
after Gu« II alirinka oonaitterably In ¥olume and Umm a very tin» |»iiwiter. whkJi te 
then wanlioti By anting on graphite aeveral tim#a with a mixlufe of pjtewftlnfn 
and aitrio hoatod up te lran»loriii«ti It Intis a y»ll«w l»««iluhl» a«hl 

«uhit«i©® which h« eaUod gr«phitl« aekh Gnll 40 §, Tim illwmintl fwtiiaiiii 
wh#u iolijooteil to thia twiatiiwel, wMlil a» 0 i|ihtitii elwimml It f»t«|di»te.ly miiimiL 
ATidllng hlfflJtll of thk tsoii»lhililyiif dklinpiW'dtii graphite tli# ilsinitoinl im mmO'* 
pbous ohaTOcmh Itertlmlot aJiowwl that Wtum of eatlwit awl sift 

d««omp<»td by l»at, amoriihims elmroofd k malidy foriiied, whdat wh»ii M 

4dc^d»t, tidphur, and boron art dMompo^ k ptelpHf 

dopo@ltede 



PEmOIFLffl. OF 


052 

bi rare ocDurreao© in mtnr^ ami k fonad lo 111# ^letkl # 

jtlie diamond mines of BraxU, Indk, Soutfe Afrieii, Ifc |i»» 

SPound in motaorffces.*^^^ It oijitdiliie* In oelfA«cif% 

, cubes, and other forms of the rogakr Tlit ©iorto wlilcli 

been- made to produce diamonds artificially, aliliou.^ tliij |»¥© »<A 
fruitless, have not m jot led to th© prod notion of 
because those mmns bj which crjital® ar« f«iimrmlly mm i»» 

applicable to carbon* Indewl, oarlioa In all il^ hrm» l»liif 
and infusible does not pass into a liquid conditiiin by niiJAiii wlib?i 
•crystallisation could take place, Diaiaomcl^ hme »ci%*iriil tini« 
successfully produced in the idiap# of ciyafciili liavtrif 

appearance of a black powder, but when vtcwiid under the mhrmm^ 
appearing transparent, and possessing tliat hanineii wlitcli fa llit 
peculiar .charactadstic of the diamond. Xlili dmmoiwl powder fa d** 
^podd^ed on the negative electrode, when * wi«k galvanic ctin«»l fa 
pas^d through liquid chloride carbon,*^ 

Moissan (Paris, 189S) produoed diamoocla artificially by m^ai ^ 
the high temperatare attmned in the elwitrical immm by dfai^f 


w bi# Difuuonda ar® found In a |)^{®uliyr dena# tif Itm mm 0 «l 

:itacoluinnit®. and are dug out d tfeo MWk piwilaedt by Hi# *4 Uni 

ikacoluimiite by water. When tbo Hbrk h waaliod dlwfMinilt wumlii twlilntl ; lbif» 
axe priadpally found In^Braall, in the proviaow Cf Itl# aatl IWUa, aiwl al d 

■0:10^ H{^ The dSbrk ^ves |h® bkdt or dk«fiii4 mid Ihi 

mda^ eblourloei or ytUow transluosnl diamoiid. Jha lti« diiwttimd 
nwM the first operation oonsitte in sp3Utfci^ il, m4 th#ii mtiiilily *«4 i»«|y 

,poH^^ it diamond .powder. It k vwf remitfknMa that l*rpfifitiif»rwi I*, A, f 

(W67)''dk«ond powder in a molodric alon# whhth in ih# Clwtpra. 

^ Kraanoslobodsk, Hi# ipllfefiwtl pI Vfi4 
taept. 10, 1880). Up to that time dharooal and graphite |a ip«oW vwrtety, #iif|*»i»li#l ^ 
^en found m meteoritea and the diamond only oon jfw4«r#a hi immt yi**r«ln, Tlw K*tr» 
^ ^ Mofealllo (with mkMl III# 

nnnosSlTtn found in tho thape «»f iimatl halki and in that tmm il U 
mmute T^iArtAfl a direotly Hm aurfao# luffouiwl m I#r«lt#i4 tli»y Ml into 

fins la *ainute diamond orystsda torai a dtniit »«*# lilip »»#»#, 

^ gvtttdisig. Hill*** hmmm 

ashaedag O'hnwt opaque and of a W*©k odour, laeh il4aiii*»twl-t mm 

di»m«.d, m«l «U«r 

dlannmda by bMiHng a mliliifit «l hwty |!-|ti4*i 

faweNrtias. waa nnfc *^pfinti^ ^ ®-8€aesium hi a tbidk iron luM, %lm 


^Isiin^pemt^ of *^®afe Si«^ anil givpt tli» »l 

i^limeeo,fe^Q^ temperate# 4km not oioiml *rt»» r W 

^ pieoe 0^ ^ otkir. A cmvlly l» w 

dwae oafthg«n ,^ 'OubttMm# bo in§ll#d lw»lwprifi l»a li«l 

P®*®tnreef S,000o k-eaafiy ^ cf TO vdt« and il# afti|i^f»a m toil** 

At a tempem^aipe df (um m 
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carbon in molten caat iron, and allowing the aolution with an 
excess of carbon, to cool nnder the powerful prowuro exurtwl by 
rapidly cooling tho metal.”' “• K. Obroaetohoff attained the aamo end 
by means of silver, which dissolve* carlwn to tho extent of 0 p.«, 

volt®) not only do iJll moUl® m»lt, b»l ti-tn Hmo witl (wh«»n In lli» 

botwotn oitrbon oloolrodti, <.#. I» liwi wltdo me) m4t ami 4wy»l*lli*»^ m 

oooHng. 41 llm« flttli* moWlle imrtlalty ^r-immirn 

mt and a o«b«» wMoh IlfiW fur a lottg liiii«< At tlii» im%> 

poratnw oadd® of uranium it mla^ lo tlio and mutel, tlwnia mu*l 

crystal fus® and partially wlatllliii m aliO idaliiiwt, itdtl, ai«l 

carbon distinotly volatiUw ; tho Bwi-jority of tmm 41 9mk a k»m» 

pcratur® alto ©ft«t iron and oarb« gi'ro gfaphita* wWto aeowiinf lo Bon^w* 
a,000® and 8,000^ Ih© diamond paast® telo aid mxmmlf imk» rti# 

diamond, »o that tdil® ia a kind of rtvortlblo r^llcm. 

Moisma firtt lnvtst%at#d iolntio® of owbon In molten smiIaI# fatwl lh» 
formation of ih® carbide®) ttwh as magtiiiiittm, alunilnluw, Irtw, mar}fa!i»ii«, 
uranium, Bllvtr, platinum, and silicum. 41 the mtm %hm Friedal* owing fen lli» tl*»«^»¥#ry 
of tho diamond in motoorio iron, admittatl that tli« ftirioatlon tif lha dlawotnl te «l«»|taii. 
dent upon tli© inflummo of Iron and aulphur. With this obJ««l, lhal li to obtain th# 
diamond, Friodcl caused sulphur to react upon iampbi of cait Inm rich In i»rb4»ii.s hi a 
closed vcisil at a maadmum ttffip#»t»r« of 8d0*» and af Itt dliidlviiif Ih# iiw» 

formed, he obtaiimd a tmoM quattlilf M a WaA po#d«f wlilA iiwalthid 
IKamaad, fliW) warn mmm p^bly mimg 1^ 

having cmpl^ad Ao ^cotetcal^fmaco. £f km bt mtemltd wiUtmrbnn al ft tMft'* 
l>©ratuM bttwfta 1,100^ wad S,OO0% then at l,lW-l,»<l^ a mliliiir# ot afiirttphnii* 
carbon and graphite la formcid, whilt at 8,000** graphite alone it td»taitit^d Itt t#ff * 
beautiful crystdi. Tim® undor theso wunlitiona tiiii diwnond I® not htrinml, and It run. 
only be ohtainixl if Uio high tem|mraturo tei aidml by |K»wwrfttl prusinroii. F#»r tbit 
pori>Oiio Moliian tmik advontogo of tho prossurn produoinl in tho passag** t4 a ntoiai t4* 
molten oast iron from a lif^uid into a «did slate. H© irsi nioltotl Iftlb-tUXl gmiiia «l Irtm 
In tho cliotrloal fumac©, and quickly inirmluood a cylliitkf of oarlwn inbi lli« fiiMitei 
iron. H® thin removed A© eruelblt wllli tho wfilliii irtiti frotti tho ami |»lit#^l 

it into a rtstrrdr eoateinteg wal«. iiter trmlti^ wWi l»lti#tg hyilrtwhlwfio mM, 
varltlits of carbon w«e« obldn^} (1) a iwoalt amiiinl id paphite |if ili# 
rapid) { (9) carbon of a chiateul «dMr In very in© Iwitlnd IlirawH »h*iwiiii tliai H teid 
been subjected to a vory high praasum '(a similar vartely wan nial wllli In varbrn# 
aamplci of the Canon Dlabolo), and lastly ( 8 ) an liWimiiUterahk quaftUly of m 
cxocmling tiwrme mass whkh was fwii fftcn i\w wlmltltirt of the lighter 
by troatimmt with aqua rpffim, wulphurii^ and liydrnflwirifi aidda,aiid from wtiinli M*4jmniii, 
by mi»ani of liquid bromoforin (ftp. gr. 8'IHM)), siiortuMlgwl in «i}i»ll idee'^s, 

having a gnmter dunaity than hromoforni, winch »nralrh«i| iht» nihy B,n4 |.»#1 ib» 
propcrfcitfi of the diamond, ttomc of tW«« p$t«w wwro black* oth*5f« w«r»i l#i%n#|.-..af«pssl 
and rnfracted light stmngly. The dark gr©y lint of Ih© formur r«e#inbte'i ibai *4 ih» 
block dianiondi ftmrlKmado). Their iteiwiiy wa» tei|wp«in tt end ii 8 Tb» 
specimens had a greasy ap|Hfiaranfa and saewed l*» tw* m ii wore, tturrowiidwl by «pi 
©nvclojM^ of oarhon. At l,0Wr* thty did not burn cnlifcly in a nirrtfil of air, m* tliai iha 
Imparfcotly hurol parttelco, and * ^♦«slllkr hitw iif fmitis «f a iighi ttubf# 
which wteiniMl their crysiallloa form.injiihl fm »iiftifilii*ii iiti-t|#f ih© iiiirfffc‘*-p*t llimilof 
pains also wjwialn after lh« l»|>#rfitet rombutlhiii «f lli#* f<rdiiia#f 
obtained th« sawo rtwulls by rapidly tnwditig In a slr^ti id r«i»l gas a wl mm% iiwi* 
saturated with carbon obteiiiwl from sugar amt lirti lieaM i© In tin* 

be oblainod tmidl crystals of diamonds- K. i*hrttti»ki|iiii ApwisI iliai at Hn 
point irilvsr dii^vit i p,o. of mt^u, Thm odvor wm widdly sooted, n# lhal * 




Oai 1 #, Ati4 that ll»« «»* t-'M ) *»»nl K 

MWgtMl, is mf W Mjpiwi Iteirt cuMfl*.** ilw !i|i« 


K| wtd On It W • *•* A»»4 nr thn mm- 


ya tlton *1 lil» •mAmuSm *J| |.iMwn> • »* >•*' K* », (m*. K ,y,) Um 


I^WjiWiliWW of oo*! »♦«» {•HtTh 4» y«if<i<rti!«rly ((wi; 
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solid sUlbstonces of orgiwiiiiiSi coiitaiii a s'^ro or aecttimiliition of 
internal power in tlio form of tli© isnorgj Wailiiif llioaloitw Into eoiiipkx 
moloculoa, Wfn?n eli&nm! or Gompbrn e0iii|»iiiitli of wlmm brnra, tli© 
onergj of the carlioiii iumI oiygen in tnriitci into hm% mi ttils fiol Is 
taken advantage of at ovory turn for the gonoratkmol htatfrom futl^ 
No other two tilomtiits are of oombining togetbor In 

such variety as mrboa md liydropii. Tltii bydnmrlions of tlio 
OAHtw, iorlos in mmy wm ilfor wid-ely from oaeh otlmr, althougli 
they have some propertfei in ooMMon. All liydrowkmt* whether 
gaseous^ liquid or solid, are wmbustibk itttot»c©s sparingly ^lubl# or 
insoluWe In water. The liquefied gasemt hydmar^k% m well m thm# 
which are liquid at ordinary tomperatutm, and thow solid hydrocarbons 
which have Wn liquefwl by fuilon, have the appmrwaee and prc^rty 
of oily liquors, more or li»s viscid, or fluid.®* The solid liydrocarboM 
more or km rwmble wax m their propertiia, although ortlinaiy oils 

CigHflO^. Thi^ «nUv«ivottri whid^ have hmn Uirtotodi towards Hi# mmsuire 

of oomploxky of iho molwuloi of dtiiwroo|iJl, fmphifeo, aad ths dismond wiB probably sS 
0 omo poriod ImA to tbs Mlutlon df this pruMutt and wM l^riy pKovt IbM tbs 
mxioM ^ diMooid, ^ dtaMiA wllidn molMote of mi 

v®3^oo3n^«iblto«ra)^«dly. ^ 

wide diffustoft wad fruity ©f fwasHott of o«bob|#atii oo®Mttitt| 0 $ (k* 
ooHulosd, OaHioOi, glaooi®, Cel!«0«) glvo m$Mm im taking that tt« group 0# It tti# 
6r®t ftod iimplcwt of Uioso powibk tti froo ©arlKW, «j»d it may b« bop«d that »o»« tlioe 
or othor it suay Iw iKmmblo to got ewb<m in Uiist form. Porbajm in Uwj t!la,mo!id tWre 
may to found ^tuih a rvUUkm totwtMgn tlm atom«( m in Um) tons^uo grouPi and in ohartml 
finoh a® in cartoihydratoa. 

Wlwn ohnr< 3 oal burn®, tlm m»m|ilox mitUnmla Cn li r»»c»lvtwi into th«i »isn|do molo- 
ouliw fiBOa, and tlmrtdoro part id tlm himlH-prtdmbJy tm enmll anuniia -h tixfifindotl ia 
&o dostemollott of lbs «»|d«.x iiid«»l© C,i. Fartmiw by Imriilng tlm moti eomptox 
tabtlftafitii wbidb mm lb® po«»Kl m r^wdi bytliw^ii, it my to in form « 

idoa of Ibi work rtqalrod to tplil up On Ittio MpMto alcmi. 

u Tbo vI«H>ilty, or of iwdillily, of lk|siM» k iltSMalnod by Ibtir totetmal 

IHotion. It ii ostiinatod by imaslng tbo litpiidu Ibwngb nanww (eapillaary) lb# 
mobilo liquitk panning tlmmgU with groaUr fiunlily wmI wpmii ilwyn viteld <m«s. Tht 
vf«ooMity varit'iJ witii thc» Ouujwmttiro and natum th© ejid te lb# ol 

tIoniJ chiuigt^M with th« anumnt nf Iho «ub»ta««w bill i® mit pWi|M^ftirmid lo It, 

6o that, for oxiunplo, ^rith ahwhol aI iCr* llio vl««i*ily will to SP, and ft»r a ftd p.o. 

Ikm mo, th« viwHwity of wafcor toing tokon m KMK Th« frdtinm of ilm liqtiid wWoh 

through by os{.»«rlmi«il (I*aifwii4ll«) ami tliwtry <» |»rr»|n»rtl«»iml to th© 

im§, tlio pttMUuwt, anti ihn fourth ptwor of iho «llaiii»t«r «*f th© Crapillarjl Into, and 
iavwmdy pro|*ortlonal !*» 0m kiigUi of llm Into j 0ik nsiiitora it |H*8il4© hi fonti 
pmrativn ©itiinaW of tlm nf Inlnrital frkdlnri and rljaxmlly. 

A® thn coiiiplissity of 'ito* rwdttctikK of liydft>mrl«iit® awl itotr d«flm.litfii hirwaani 
by lh« addition of mrhmt (or C'lf-il, d«#« dm d^»» erf vl»s:udty atoi idm Tli« 
siw tartes <d lnvo»tigatioim rwlcrflng to lhi« Biib|«il ftllll await ^mmmrf ifii»rmhi«« 
tofi. That «Jtm«ii»yn whmli {«Jr*«ty fiftrlly ri|i».r»«il| iwifhl In «*i»l tolwf«i ih# 
^sopslfey and th« tithor jdjy«l«l «wl otowlml hmm eii mmM» llml ^g^ 

mftgftitutli of hitoriial friolion |il«y« mt lii i»wha«l«, la 

cirf anlo ooin{»*mnik mul Mdntiona, nlfiitlAf mmmdbm In aluid tow* 

xuofS. Itety have abmly bmm b«l m$ toi pi li««i 4m$ 
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md mm gwimllf mntM.i ii» %4'h%4^m i.# mi4 

hui iii rt^kliNlf iitt^ll 1 1 ‘I" dn-^t n%%ti\ 

wMrIi ltA%‘* ill* •*! ih.KUimm ^p| 

I|.|til4 <|t H tr|i||>^^ 

iuf® sri lilt cWii 9kmi llit**#' mk^h m Iwitiiig |w»iiii 

ttbufi wlitol %k^§iumm* In %h^4t 

akin «liw i*fi4i M in 1 ^ 1 4r n''%fU*m |i|t|i4, 

Ik*!* i^vl 4 ii ^.4#ii!rt 1^ 

afemuflf iiwAfiwliiii4lii44f<» «r|iiliii ^4 ti|4f%*4rii |'p4M»itfi§l^ 

A.II ir» tii^iiif*! n ‘r #44ii|, |^| 

niidtr »rtalii cafi4il4«iii ilmf mm%mt Int** ll ^ 

betii i»ii ill tho^ r#»i|«art4« «lii4i !*#%« U«ii alrr.ii4| mu* 

ikl«f«4 |w«^i nllfi^ «w 44 ili*t iii« li|4f«^^il*'ii in dmm% ai 

m^ «!#» lute *lii|4#A^r4 I ^ tliA hplf^>^9^ ^ 

|fl^«t^li» ll »«| N *ti4 kii* icW^ 1^4 tli4t ll te 

ia|i ll k ^ iil^f *♦ hf m^uU, RICH li »• 4iiittt md 

ONI tlli tff toilten dl WI*^* Wf I««I hm% #li tif4r%irafli^ 
tewitig itkmmA mi kylftif*fi.„. Tk« i»ia,|t;iriif nl ti|4i% 
wl»M io vilfc 1^ «ii|f^ii tjf ili« dr wr tt«l4it* «i ^dt* 

litll^rtlllf^ kttt «iiit#f ilia ip^l«ii i4 !4lfi# mht umif nlkw 

tf^mt4 ni»4i^r#M in ^li,4i titk« 

% dl tkt fti#! i^ryiti » i|»^ ttfpi 

iiwipi to 4 kpu*%mm tlite 

to ^ Wk*ii hmtml in air, kfim 
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carbons bum, ancl> according to tit© iMoaowat dt mrboa tb©y contain^ 
their combustion Is attimdid inor® or 1 ^ with a of wmtr^ 

that is, Andy divided ol»rcoib!^«-whloli iiiri]^rto grmt biiill»n«y to th© 
flamo, and on this mcmnt mmy of them used for tht puipc»« of 
iUumination*-i», for instaneci, korotono, <ml gw, oil of tuipenilm 
A« hydrowkrbons wntaln rednoing ©laiaentt (that ia, tlnwo mpabte of 
combining with osypn)i they often mi w roduclng agiants— as, for 
instance, when hm^ with OEidi df ooppr, they bum, forming oar- 
iboniio anhydiido and wat«r, and Imm m«Wli© Oorliawlt proved 

that all hydrocarbons contain an mm mm^r hydrin atoms. 
Therefore, the gpmtd formula for all hydrooarboni ii 0„Hs,„ where 
n and « at© whole numbeiw. Thk fact ii known at lik law qf men 
numbers- Hence, the simpl«t |w«ibl© hjdro»rb«ui ought tq^ be : 
OHg, €H4, OH4 » . . Ogll®, Oglli, Ogll^ . , . but ^ley do not 

all exist, gince the quantity of H whidi can combine with a certain 
amount of carbon is limited, m wo almll limm dsn,K5tly. 

Some of the hydrocarbons are capable of combination, whilst other© 
do not show that power. Those whidh contalft l^'hydrogm belong to 
the former category, and which, lor a ^vtn erf «ypbon, 

contehi the maximum amount of hydropn,. belong to the latter. The 
oompoiition of thwe k«t mentlmed h ©xprtwed by the gmeml foiroula 
0„Ha«4.2. Those io-called mtumtmi h^rmatbime ar© incapable of 
combination.®'^ The hydrocarlwns CHe* Calln, C4H,(„ <kc. . . do not 
exist. Those conta.inix)g the maximum amount of hydrogen will be 
represented by 0114 (n » 1, 2a + 2 ra 4), €5,11^ (n s« 2), CiII^ (n ms 3), 
C4HJ0, Ac. This may be tertiuKl iM km lirniu, Plnoing thiii in 
juxtapoilteon with the kw of mm numbtim, it k mmj to perceive that 
the possible hydrocarbons can be ranged in the tenns of which 
may bo cxpwissed by th© pneml formula 

dec. . , Those hydrocarbons which kdong to any one erf the icriai 

wtftk (1 p.o.| sohitkin of jmtmisiuru KMuO^. ^ onbmi7 tempemiams, 

they form glyoak^— for «xwji|»k, 

^ My wtielo on il»h In Uw .Intiriml of tim St. i’nOiwlmrg AtmUmy 

of Sekmcfti in IHIU. Ur io tlmt timw, dlhrmnh rimiiy wlditivw wmhiniitiimi with hydro, 
©furtena and Owilr dorivtttivw werii known, thny hn^ not gnimrallwitl, «id w©rt* ovmh 
oontinmaiy qcfitiid *w mmm of isuhiUtntiori. Thtn« Om <»timhSt»fttton cif ©thyltim, UsH 4 , 
with chhirimi, C11.}, Wfi,f4 r%»iird«l m a ftinimtkm »l tht ut thtt wib^iimttea 

OgllgCI ftitd IK’l, wdiitdi II wm »«|:i|mi«»| wnm h«hl ferii^,h«r m ihii wtlw of erysWiJsa- 
Mon ii in iitaM, Mmn Omn Ihii (last, Jmrtmd 0 / ih§ Amthm^) I 

<wa®id#wid iliiillar oa»<»» m trim <tittri|miiiid«. In giit»«r«l, ttciiortlittg to tli# kw of Umit% 
m liydroeartMin, fir ito nri eoiabinltig wiUi rXf, $fm a wiii'lime# 

whleh ill ttiitimted or nlwi »|*|»rfig4*liwi? th« limli Tl» immU^Aikm^ cif Fmokland 
with m,my crgaim»i»«tAUi« ijlnirrly Ihn UiiUt in Uti citM d 

cojupetmd®, whi«h wc itmll misitotiily rufur to ktor m. 


nmanm m mfMmtut 


expretilMi t»J mfm tAf*! I** 1^ 

iifiollwr. Tliii, t |i^ « f He. ^ ^ 

art! lafipiWrf rl tli« tmnin^g I >-^.^-’4* 

That 1% til# tlifvr#iic^ t«r4w4**i i» Olf^ii 

Kat o»l)* l!if r«ii)|aaiii4«m l«il ♦!#«* <ti# |'f^|.*cfii‘fA ^4 i|^# ^| 

* $iri«i temi I# diyiAiilc^l4i*#i In %k^ 

of lfe§ ll#rwCJlt*»| *4 m4’hu>m 

whiii Wiwiiif IliP irrkt mm ^ I 

wlfiiiiric tiiliy<lrtiJ^ Af , *m4 «4 ^ 

Woogliif t«i lljf* t«il t4f Mfm, mrnmmilf t.iii ^ -u|-»mii:,,lt., 

**' €liapt#r will hmm ttili«f In It.* 

propiirtli« of Ih# *©#*«*• %%tj 1 ^ 

Sttofe iiiMi»0r i* Iliii ; Ifct lip^iiii^i aim! iiii#.rfetl 

trIoMoft iiii»«» m m -'<^*1 ih mt$$h mn m %y 

ipokMfi irf tifl«4i tiJ 1^ iil»^v * It*# $1* iu< if%n^ 

®li0 rtpMf m » l^^€mmm 

Mway ^ mA im mimm mm i|i» | rmhm trf 

fuad 4o mA ^1^^ to %km A *i4ll 

ii'ttmbir wm m# l»y wlf*i i» 


CAttBON AKB THE HYBROCAllBONS BBO 

fthe combination of ro^idues. For Instanoa, if a mixture of th© vapouri 
of hydrogen «ulphide and carbon bkulphide be paswd through a tub© 
in which copper in heatodj this latter abaortw the sulphur from both 
the compounds, and the Ubarated carlxm and hydrogen oombkio to 
form a hydrooarlion, methane. If carbon be combined with any metal 
.and this coinjiound MO» he treated .with an acid HX, then tha 
haloid X will give a salt with the metal and, the residual carbon and 
hydrogen will give a hydrocarbon. Thu® east iron which contains m 
jcompound of iron and carbon gives liquid hydrocarbons like naphtha 
iunder the action of acids. If a mixturb of te>mo-beni«ie, 
and ethyl bromide, OaHgBr, be heated with metallic todium, th^ 
sodium combines with the bromine of both compounds, forming sodium 
bromide, NaBr. From the first combination the group r©ni0»in®> 
and from the second Having an odd number of hydrogen atoms, 

•they, in virtue of the law of even numbers, mnnot exist alone, and there- 
fore coral >i no together forming the compound OgH^.O^Hg or OgHi© 
(ethylbenzene). Hydrocarbons are also p^roduced by the breaking up 
of more complex organic or hydrocarbon compounds, OEpeoiidly by ho%t- 
lng»-that m, by dry dktillatkrau For gttm-bin»In obtains 

•an add called benzoic add, the vapours of which, whm pawed^ 

through a heated tube, split up into carbonic anhydride, 00^ and 
benzene, C^jIId. Carbon and hydrogen only unite directly in one ratio 
iof coinbination—mimoly, to form acetylene, having the composition 
CjjIIa, which, as compared with other hydrocarbons, exhibit® a very 
great stability at a somewhat high tomperatura^ 

^ If, at tto otBnmy fetmp«rfiktw4 (aitumUig thwtfvr® tu® watw temed will b# 
!k Ik liquid state) a grrai molMul® (90 f nns) ol MttjfkM, b« burnt, 810 tboust^ndl 

4»Iori«iwfil b® #mitted (TbomMu), iy^ li grams olobigroo®! 07 tbonMnd 

4mlori®i, nmd t grams of hydrogm 80 thousand oalorlts, it follows that, If te® h^drogtn 
snd oarbon of the aootylen® w®r® burnt thsr® wotdd bo only ®®O7f0C, or 90® 
ihouM-nd cult»rios produood. It is ovidant, tlmn, tlmt sootyka® ba its lormatima absorb® 
810 -“ OOn, Or 47 tboutiand cidorlci#. 

Ftir tHUinitloratitniB rolativo to tho combustion of carbon oompounds, wo will first 
©numerate tho <iitiuitity of boat Mpsratetl by the ©ombuftion of dofiulte ohcmicid CMbon 
oom|H»uiidi, and then give a tew figuro© Imring on tho kinds of fuel used In priujtioo. 

For mohicular cjuantiilci in porfmst oombustion the foUowinj^ amounti of heat are 
giv©n out (wbtm gaaoous earbonio anhydride and liquid water ar© formiMl), aceortllng to 
Tliomtcn’® date- (1) for gaiwK>Ui Crtlb» 4 .»: 02‘8'1" 150*8n thousand calories j (9) ter 
17*7 + 16B‘l?i. ilumaand oalorioti; (8) according to Btohmann (1888) ter liquid 
saturate! aJoohok, CHiftm 4 -siO j Ip® + IfiO’fin, and as tho latent boat of ©vapomUqn ■* id>out 
8‘9 + O’ 0 iii In a gasoems state, s6'O+I00*9ii; (4) ter monob®ste fiatffifAtid liquid aobl% 
0011 + lB4*&u, and as tlwlr latent boat of ovaporatlon Is about 8*0 + l*%t, la m 
gsMOtts term, abowt’»-W+ I 68 n ; ( 8 ) for solid ■ iaturated bik*lo a^ids, CUHp,-i 04 i 
— 958 ' 84 ' If thoy/are orprosi^ as OalltiiOtHaO*, thon W’d+Xil*^ j .(0) ter 

wn© and Its liquid homologuo® (still aocording to Stohmwn) 180*1% 

«d in a p*««cmi term about— 188+ I87n; <7) ter tb# gasaou^ boimd<iu^ol ao®l 0 fl®n®, 
<aeoordlng to f k^##»)^ 8 + lB7n. 1% || tvid^t 4»om thf figure® 
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expressible by a general lornatsla are mid to b# wlib oat 

another. Thus» tho hydrocarbons CII4, Cgllf, 041110, , « 

are members of the limiting (tatum'tod) homologooi lerloi 
That is, the differaneo botW'oeii the members of tli© toriei Is CII|.^ 
Not only th© composition but also the propertiiii of the meml^rs of 
a eeriw tend to olattiication in on© group. For iiistenct, the niem^rs 
of the* mrlm are not capable of forming Additive compouridi, 

whilst those of the series C«Ht„ are <»p4bteof combiuliig with obloiint, 
sulphuric anhydride &o. ; and the mambori of the group, 

belonging to the coal ter series are ^Oy nitrate (giv© nttro-eofiipouiidt, 
Chapter VI.), and have other propartiot in common. The pbj^ml 
properties of the members Of a given homologous ion«s vary in 
such manner as this ; th© boiling point generally rlioi and th© interisil 
friction inoream a® n tooimset ^at i% with an Incrimwi in th© 
relative amount of oarbon and th© atomic weight ; th© ipeciho gmvliy 
also regularly change as n btooirMW 

Many of the hydrocarbons met with in nature are th© producta 
organisms, and do not belong to th© mineral kingdom* A itill gimler 
number are produced artificially. These are formed by what Is toradi 


The ooaocgtlon of hcMaclcgy ta® hj Otrhardl lo tlS ©«• 

nouadi ia Mi wwk, *^1^14 U® OUmii ftaithsd k% 

in whi«h h® divided aU cvgaaic compemnd* Inio/a^tg atid arafmik, which iu 
tmi adhw®d to at th# pr^^t Mm#, fd^tigh th# lalltf art men oltim mIM tofiM* 
d#idvAt!vfs, OA fUNA^uat of the Iftot that EiWI, in h^wtlllwl tevttllgailoA® m iht 
ttoiotur# of aromaMo oompoimda, ®how#d the prmmm lia lh§m. aU cl llii* * toti»!»« 
nuddos,’ 0 A. 

w toi is (dway® tru© for hydrocaihcmt, but for darf vali vw df lh« loww lii*fad»f*sue* 
law ii difiaront; fOr tostaiio#,jbth#»«ri#8of »atemW al«ohd», 

whim n-0, w© oUtdn water, H|OK), whieh hoUt al 10©"*, wd whi»ii iip#«»llk gmmif 
IB®-* 0*0999? wh®n n«»l, wood *pWt CH»(OH), which toil* al m\ m«I al Ift'* Im* * 
epecifio gi:avity«O*7O04 ? whoa nm% ordiwey aloohol, OsiIb(OE), boUkg al 1W\ 
gravity at IB® « 0*7996, and wi^ fiurlhar teoimM of Ollf ih# ^rattly 

Por th© glycols OhHiiii (OH)# Eii# phaaommTO of a similar Wadis *1411 ulriitei : al 
arst th® temptmtar© of th® homog pdsl aud th# dantily mi Hi*?o Uf 

(mor® oomj^n:) mtmhiw of th® iii*i©i dimlaish. Tim xmmu for dut |dn»f'»fiii»siti* ii I* 
®vtd®a% m«i to Mughllmr in th® haflnoao® and proportiai of wat«r, mmI Itiat 
alWty which, a^ng totwoon hydri^f^a and oxygon, mm^ of th# 

proper^©® <d water '(Cto^ter Id* 

for to Ih® aatoralod »®ri®« of hjimmxhmM Hw 

m®mb®r (w*0) mast to tafc^ a® hydru^t® H®, a gat which (f.«. tmUiW - IW *i m 
l^h groat difiSoalty, and wtoa In a liquid state Imt donhlioii a wmy «n»:ll tlttwiiy, 
Wher® awl, 9, $, hydrooarhotts CH 4 , OtHi!, CgHf wr© miiin mi r»*«l 4 lf 
Uqueflahl®. Th® tenp«atw® of th® absent® boUiiif polal for CII 4 - Wtri mu4 f*''f 
etean® to th® higher momtors it rites. Th® ' hydro^rtott C^flir^ lii|tiei»« m% 

^ mjmx liomor#) hoils at tmm to §r\ 

from 68 to 78^1 &o* The* i^®<dfi® gcavitiiw to a liquid rtf -te al 16^ mm £«*- 

^s’ 

^ W 07© ©fi ^-p 
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fthe combination of residues. For instance, if a mixture of the vapours 
of hydrogen sulphide and carbon bisulphide be passed through a tube 
in which copper is headed, this latter absorbs the sulphur from both 
!the compounds, and the liberated Carbon and hydrogen combine to 
[form a hydrocarbon, methane. If carbon be combined with any metal 
,and this compound MC^ be treated .with an acid HX, then the 
■haloid X will give a salt with the metal and.the residual carbqn and 
hydrogen will give a hydrocarbon. Thus cast iron which contains a 
Jcompound of iron and carbon gives Hquid hydrocarbons like naphtha 
iunder the action of acids. If a mixture of bromo-benzene, CgH^Br, 
and ethyl bromide, CjjHgBr, be heated with metallic aodium, the 
sodium combines with the bromine of both compounds, forming sodium 
(bromide, NaBr. From the first combination the group remains, 
and from the second C2H5, Having an odd number of hydrogen atoms, 
fthey, in virtue of the law of even numbers, cannot exist alone, and there- 
fore combine together forming the compound CeHu.CaHg or CeH|(j 
(ethylbenzene). Hydrocarbons are also produced by the breaking up 
ef more complex organic or hydrocarbon compounds, especially by heat* 
ing— that is, by dry distilla^en. FOr mstanc^ gum-benzoin cOntalne 
an acid called benzoic acid, CyHgOa, the vapours of wMch, when passed 
ihrough a heated tube, split up into carbonic anhydride, CX)2, and 
benzene, CgH^. Carbon and hydrogen only unite directly in one ratie 
'Of combination — namely, to form acetylene, having the composition 
C2H2, which, as compared with other hydrocarbons, exhibits a very 
.great stability at a sOmewbat high temperature.^ 

If, at the ordinary temperatord (assnining therefore that the water formed will be 
fin a liquid state) a gram molecule (26 grams) of acetylene, € 2 ^ 2 , be burnt, 810 thousand 
calories wfll he emitted (Thomsen), and as 12 grams of. charcoal produce 97 thousand 
calories, and 2 grams of hydrogen 69 thousand calories, it follows that, if the hydrogen 
and carhon of the acetylene were burirt there would be only 2x97+69, or 268 
thousand calories produced. It is evident, then, that acetylene in- its formatioii absmrba 
610-268, or 47 thousand calories. 

For considerations relative to the combustion of carbon oompounds, we will first 
-enumerate the quantity of heat separated by the combustion of definite chemical carbon 
compounds, and then giye a few figures bearing on the Mnds of fuel used in practice. 

For molecular quantities in perfect combustion the follo'wing amounts of heat are 
given out (when gaseous carbonic anhydride and liquid water are formed), according to 
Thomsen’s data (1) for gaseous CnH 2 »+ 2 J 62*8 + 168'8n thousand calories; (2) for 
•ejEoft** 17*7 + 158T?i thousand calories; (3) according to Btohmann (1888^ for liquid 
saturated alcohols, C5»H2n+20 ; 11*8 + 166*8n, and as the latent heat of evaporation « alwut 
6-2+0-6W, in a gaseous, state, 26*0+166'9?i; (4) for monobasic saturated liquid acids, 
C5nH2n02:— 96-8+164*3n, and as their latent heat of evaporation fs about' 6*0-fl*2n, in a 
gaseous form, about — 90'+155«; (6) for solid saturated bibssic aciAs, 

—268*8 + 162*6«, if they/ore expressed as CnH 2 »Cj^ 04 , then 61*4+ 162'6?i ; (6) for beh* 
■Bene and its liquid homologues (stiU occordii^ to Stohmemn) 

■and in a gaseous form abdufc — 16^+.1679t; (7) for the gaseous homolcgues of aoetylenef 
(according to Tho4»#§n)--'5*i-X57», Xt iS ^pvident from the preceding figures 
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There is one sulBtan<» known among the s&tnwtwl hydrocarbon 
composed of 1 atom of carbon and 4 atoms of bycln^n ; this is a com- 
pound containing the highest percentage of hydrogen (CH^ contains 
25 per cent, of hydrogen), and at the same time it is the only hydm- 
Carlton whose molecule contams but a single atom of carbon. This 
saturated hydromrbon, CH4, is called nmr$hgm or tanl/wiai. If 
vegetable or animal infuse suffers decompmition in a space where the 
air has not free aoc^, or no acoais at all, then the decom|H»itlon ii 
accompanied with the formation of marsh gas, and this either at the 
ordinary temperature, or at a comparatively much higher one. On this 
account plarUa, when decomposing under water in marshm^ give out 
this It is well known that if the mud in bogs be stlnml 

up, the act is accompanied with <^e evolution of a large quantity of 
gas bubbles , these may, although slowly, icparate of their own 

that the group CH«, or CH^ auhstltutod for H, m hurning fim out freak WS to 
169 thousand calorios. This is loss than ^al giron out by C + Ilf, whkiili is 97 + i9 m 
thousand ; the reason for this diJSoreaoe (it would be stUl gmtor if carton w#r» 
is the amount of heat- separated during the formatiem of CHf, Aeeordlnf to 8ldb» 
mann, for dertoogluoose, C^HiaOc, it is 67S*7; lor ownmon sugar, lStS*7 ; fer 

cellulose, CflHioOj, 678*0 ; starch, 077*6 ; dextrin, W6*S j glyool, CtH^Og, til *7 1 glyotftoe, 
897*2, &o. The host of eombugtlon of the following soUdi (d®tormin«d by Btohmannl hk 
expressed per unit of wel^t ; naphthiden#, C|oll«, 9»6tl i urea, CK^lhO, 9,466 ; while of 
©gg, 6,679; dry rye bread, 4,421; whmtoa broikd, 4,S0tj tallow, 9,666; bnltor, 9,l9t; 
linseed oil, 9 , 82 $. The most oomplete oolleetten of «iritom«tioal data tm Hms beaie of 
combustion win be found in V. F, I«<mglnin*« work, * t>mwlpUon c4 Iho Varioui Method 
of Determining the Heats of Combustion of Organie €om|Joa»da* (Moirow, Wil4b 

The uumher of units of heat giyen out by nnff wHgM during Hit eoi¥isikitoomiibii«»lldii 
and cooling of the following ordinary kinds of fuel in th^r uiual slal# of 4«ynii» 
purity are ( 1 ) fpr wood oharooal, anthradte, temi-anlhradl#* bHomlncms ©oal and 
from 7,200 to 8,200 ; ( 9 ) dry, long flaming coals, and the best brown «»!», from s.tfIC to 
6,800 ; (8) perfectly dry wood, 8,600 ; hardly dry, 2,600 } (4) pccfoctly dry peal, toil ki»4 
4,600 ; compressed and dried, 8,000 ; (6) petroleum refuse ssMiimllwf liqittld hydrt>earl««», 
about 11,000 ; (6) illuminating gas of the <^nary <x»mpo«lti« (about 46 veto 1 1, 40 wto 
CH4, 6 vols. CO, and 6 vola N), about 111,000; (7) producer gas (m« nail Cbaptorl, «»• 
toining 2 vola carbonio anhydride, 80 vds. imiebouk oxide, and US ^olt, nllwg«i fm' am 
part by weight of the whole carbon bwml, 8,800, and for on© ptrl ^ weight til the 
910, units of heat; and (8) wat^ gas {eee next dhi^pter) contoiRlng 4 Tola eaitoiite anhy- 
dride, 8 vols. Nft, 24 vols, oarbonio oxJde, and 46 volt. Ilf, for one part by welg bt of Ito 
carbon consumed, in the generator 10,900, and for m® by w#%lit of th« i,«W' 
units of heat. In these figures, as in aU ealmrimetrk obserrattofti, the water pwidiiwd 
by the ^mhustion. of Hie fuH is supposed to be llqui4 As refw^i the 
f eaohed by the fuel, it is important to remark that for solid fuel It Is liidl»|»a»abk to 
admit (to ensure complete combustion) twice the amount of eJbt r^uir^, bul liquiil, or 
pulverised fuel, and especially gaseous fuel, does not require lua exee## of air | 
a l^ogram of charcoal, giving 8,000 units of heat, req^m about ti kOopmms ei air 11 
^o^aans of air per thousand calories) and a Mlo^gmm p*od.w>tr fat requiif** iiuly 
0*pblog^of air (0*86kao.of air per 1,000 MJ^ram of wator mM 

4*8 of atr (1*26 kik. of air per 1,000 calories). 

»M. Maaoia wUob aeoompoM* ondev Oie aMloo of Ixwtoito gi,«i CO« and 
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eccotd. The gas which is evolved consists principally^ of marsh 
If wood, coal, or many other vegetable or animal substances are decom* 
’l^sed by the action oj heat without access of air — ^that is, are subjected 
to dry distillation— they, in addition to many other gaseous prodtIOtS 
of decomposition (carbonic anhydride, hydrogen, and various other 
substances}, evolve a great deal of methane. Generally the gus which 
is used for lighting purposes is obtained by this means and therefore 
always contains marsh gas, mixed with dry hydrogen and ^ther vapours 
and gases, although it is subsequently purified from many of them*^^ 

50 It is easy to collect the gas which is evoWecl in marshy places if a glass bctUe he 
Inverted in the water and a fannel put into it (both filled with water) ; if the mud of the 
(bottom be now agitated, the bubbles which rise may be easily caught by the iayerted 
funnel. 

51 niuminating gas is generally prepared by heating gas .coal {aee Note 6) in oral 
cylindrical horizontal cast-iron or clay retorta Several such retorts BB (fig. 68). ore 
disposed in the furnace A, and heated together. When the retorts are heated to a 
red heat, lumps of coal are thrown into them, and they are then closed with a closely 
fitting cover. The illustration shows the furnace, with five retorts. Coke {see Note 1, 
dry distillation) remains in the retorts, and the volatile products in the form of vapours 
and gases travel along the pipe d, rising from each retort. These pipes hranch above 
the stove, and communicate with the receiver / (hydraulic main) placed above tihe furnace, 
trhose products of the dry distillation which most easily pass from the gaseous into the 
li<i[Uid and solid states collect in the hydraulic main. From the hydraulic main the 
vapours and gases travel along the pipe g and the series of vertical pipes; (which axe 
Sometimes cooled by water trickling over the surface), where the vapours and gases cool 
from the contact of the colder surface, and a fresh quantity of vagpour condenses. The 
condensed liquids pass from the pipes g and; and into the troughs H. These trough® 
always contain liquid at a constant level (the excess fiowing awa3r} so that the gas cannot 
escape, and thus they form, as it is termed, a hydraulic joint. Ixi the state in which it 
leaves the condensers the gas consists principally of the following vapours and gases ; 
(1) vapour of water, (2) ammonium carbonate, (8) liquid hydrocarbons, (4) hydrogen sul^ 
phide, H^S, (6) carbonic anhydride, CO^, (6) carbonic oxide, CO,. (7) sulphurous anhy* 
dride, S02, but a great part of the Hluminaiing ga.8 consists of (8) hydrogen, (9) marsh 
gas, (10) olefiant.gas, C2H4, and other gaseous hydrocarhona The hydrocarbons (8, 9, and 
10), the hydrogen, and caorbonio oxide are capable of comhustion, and are useful coin^ 
ponent parts, hut the carbonio anhydride, the hydrogen sulphide, stnd sulphurous onhyr 
dride, as well as the vapours of ammonium carbonate, form an injurious admixture^ 
because they do not bum (COj, SO2) and lower the temperature and brillian<^ of the flame, 
or else, although capable of burning (for example, H^S, CS.2, end others), they give out 
during combustion sulphurous anhydride which has a disagreeable smell, is injurious 
when inhaled, and spoils many surrounding objects. In order to separate the injurious 
products, the gas is washed with water, a cylinder (not shown in the illustration) filled 
with cohe continually moistened with water serving for this purpose. The water coming 
into contact with the gas dissolves the ammonium carbonate ; hydrogen sulphide, car- 
bonic anhydride, and sulphurous anhydride, being only partly soluble in water, have to 
be got rid of by a special means. For this purpose the gas is passed through moist lime 
or other alkaline liquid, as the above-mentioned gases have acid properties and are 
therefore retained by the alkali. In the -case of lime, calcium carbonate, sulphite and 
sulphide, all solid substances, are formed. It is necessary to renew the purii^ymg 
material as its absorbing power decreases. A mixture of lime and sulphate of iron,. 
Fe804, acts still better, because the latter, with lime, Ca(HO)2, forms ferrous Iqrdroxide^ 

end gypsum, CaSO^. The suhoxide (partly tutning into oxide) of iron absorbs 




CARBON AND THE HYDROCARBONS 


863 


As the decomposition of tho organic matter which forms coal, is still 
going on underground, the evolution of largo quantities of marsh gas 


Ha3, fomimg Ft»8 anti H^O, and tha gypium riWai th« wmainte of tha 
Uio oxo 0 is of lim© ab&orbing carboaio aaby^rido aatl iulpburle aabyarld©. 
work® 0 , aatlvo hydmt©^ fdrrlo hydroxide i» u»«d for removing bydrogen snlpbida) 
This purlfiostion of tb« $m fe^»s plw» In th® appmini D, whore tho gas pati®® through 
porforatod tarayf nh oovtxtd with sawdust mixed with limt and lulphate of iron. Xl is 
cmoosiary to remark that in the mauulMturo of gas it is indliponMiblo u> draw oflT the 
mpours from th§ rotorli, m ^at they aol remain thar«i long (otht^rwia© the 

byarooarboiii would In ft o«iiid«ftbk d«i«®® b« rtsolvtd Into eharcoal and hydrogen), 
and also to avoid a groat preitur® of pm In ^ apj^ralui, othorwltt a «|uantlty of gat 
would escape at aU craeks such m must inevitably exist in such i complicated arrang®- 
ment. For this purpose there are epeoiid pumps (exhausters) regulatid that they 
only pump off the quantity of gas formed (the pump Is not shown In the Illustration)* 
The purified gft« passes through the pip© n into the gatomoter (gatholdit) P, a dome 


made of iron plate* The edges of the dome dip into watir poured into a ring-shaped 
channel p, In wWoh the sides of the dome rise and fall. The gas is ooUected in 6iis 
tiolder, and distributed .to its destination by pipes ©ommnnloating wiUi tlm plt>e o, issuing 
hrom the domo. The pressure of the dome on the gae 
enables it, on issuing from a long pip®, to iienetrate- 
through the smaU aperture of the burner. A hundred 

lilogmms of coal give.about iO to 80 oublo metres of gas, 

living a denslly from four to nboie times groal«r thws “ 

of hydrogen. A euhie mtkm (1,000 Utros) of 

weighs nhrni 67 gramsj Ibweim 100 Idl^tMUi mmi 

give ftbout 18 ktl^rrame of p^s, m about ont-idxtb ol Its « ^ 

weighi Illuminating gas k generally lighter than marsh i 

n ae it oontaini a considerable amount of hydr^tn, and 
nly heavier than marsh gas when it (^taini much oi , 
the heavier bydrooarbone. Thus olefiant gas, 0|>Il4, i» . 
fbnrteen timet, and the va|)our| of bensene tblrty-ttlno ■ 
tim®®^ heavier than hydrogen, and illuminating gas som®- ■ 
lim©« eotttaint 18 p.e. of its volume of ^tm. Tim brilliancy : 
of the fiwtt® of the gaa with tM quwlily of i 

olefiant gas and ilmllar heavy hydrmrbMs, ua it : 
contains more carbon im a gim vdum© Mid a ptalw | 

number of carbon partkke art set^yratid. 0ae usually I 

contain® from 88 to 60 p.o. of its volume of marsh gas, from 1 

00 to 80 p.o. of hydrogen, Irom 8 to 8 p.o. of carbonic oxide, W 

from 9 to 10 p.o. heavy hydroearb««ns, wid from 0 to 10 p,c» H 

of nitrogen, Wo<h 1 gives dmoil th® same sort of gas as 11 

coal and almost th® same quantity, but the wood gas ocm- 11 

tains a great deal of oarlionle anhydride, although on th© IB 

other hmd there is an almoil complet# abaoim® of sub 

»hur oorapoundi. Tar, oils, naphtha, and such materials jlB 

famish a largo quantity of good illuminating gat. An ** 

ordinary burner of 8 to 18 candk'power burns 8 to 0 cubic “T ^ 

ibet of coal gai per hour, but only I cubic foot of naphta sSpSl 

l&fc One pood (86 Ibe. Kng.) ot a»pbttt» ginw 604 enble }|W«« 

feet ol gee—ther Is, one Wlogrem ol neplilba j^oees eboal 
4»e cubic m#fe« Of gat, Th© formaMou of ©aabuaribk gat lubf. 
hy heating coid was dlsoovti^ In th# bcglni^^ of the laat 
euntury, but only put into praoW«^ th# ©nd by h^Bm tn fiwoot ftud 

Ih Buglimds In ^ Mnowncd Waih ^ ipih, 

V(Fki ^ 180 $. 
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frequently occurs in When mixed with dr it forma m 

-explosive mixture, which fomis one of the g«»t «if am! 

as subterranean work has always to lie cam«l on by liaiip-Iiglit. Tlili 
•danger is, however, overcome by the um of Humphry H&vy'g Mfety 
lamp.®^ Sir Humphry Davy olmrved that on iriiKKlocing a piiwo wtr^ 

gauze into a flame, it absorbs no much heat tliat ccmibiiHfcion mil 
proceed beyond it (tlm unbunit which |m«i tliroiigh It may Im 

i^ited on the other side). In accordance with tlik, the flairie of tli© 
Davy lamp ie surrounded witli a thick glass (as iliown in the drawififl, 
and has no communication whatever wiUi the €xpk«ve mixiurti iJECf»|i4 
through a wire gauze which prevents it igniting the mixtum of thi 
marsh-gas issuing from the coal wi^ air. In iom© district^ |mrtirukrly 
in those where petroleum is found— as, for instance, n«r Ilakti, wtt«i» 
a temple of the Indian flre-worshippem wm built, and in 
and other places — marsh gas in abundance ksuit from the a&rtli, 
it is used, like coal gas, for the purpom ^ lighting and 


In practice iUummating gas is net only nayi for Hihdng (dbelridiy ani mm 

cheaper in Buesia), bat also m the motive poww for gae eagiaei feet p. JTS|, whk$k 
fiume about half a cubic metre per horse-power pw hour ; fat k aliw uimwI m 
for heating purposes. When it i» nmmmry lo oon^-tml# Ihe hent, eiliwr lit# 
blowpipe (fig, S9) is applied, placing the end in the Earn# ami blowing throtigh tlp» 
piece ; or, in other forms, gas is passed tliroogh the blowpliit ; wi»«ii a iMge, h*»l, 


less flame is required for heating omoibles or glass* bJowhig, a fo«^bb^«r k High 

temperatures, whiesh are often required for iabomtmy and mskunlaoliirliig pttrpf.w«ia, sww 
most easily attained by the nm of gaeeoui fuel (lllumlnaiing gaa, %mdumf s^hni, 
water gas, which will be treated <4 in ^e Iddowing chapter), oiwplb'l# 

xtfN tku may be ofleohrf witbout an of air. Il Is 

<^^STOP|S|i evid^l that in WFder to oblaiti higb 


by radiatton, and to ensurt i^steel «iwbii#lli*». 

^ tlhe gag wbteb is tel l.r»« In m-md m*imm 


anhydrid®, and a kffe quMlity ol g«*, 


in eUcknl ventUal^ Ife m Iwiil lo l«bi. «ii 
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Tolerably pure marsh gas ^ may be obtained by heating a mixture of an 
acetate with an alkali. Acetic acid, C3H4O2, on being heated is decom^ 
posed into marsh gas and carbonic anhydride, 02H40a3=5CH4 + CO2. 

An alkali— for instance, NaHO— gives with acetic acid a salt> 
C2H3Na02, which on decomposition retains carbonic anhydride^ form* 
ing a carbonate, IN^ajCOa, marsh gas is given off 

CaHjNaOa+NaHOssNaaCOa + CH4 

Marsh gas is difficult to liquefy ; it is almost insoluble in water> 
and is without .taste or smelL The most important point in connection 
with its chemical reactions is that it does not combine directly with 
anything, whilst the other hydrocarbons which contain less hydrogeO) 
than expressed by the formula are capable of combiulng with 

hydrogen, chlorine, certain acids, <fec. 

If the law of substitution gives a very simple explanation of the 
formation of hydrogen peroxide as a compound containing two- 
aqueous residues (OH) (OH), then on the basis of this law all hydro? 
carbons ought to be derived from methane, OH4, as being the simplest 
hydrocarbon.^ The increase in comple>dity of a molecule of methane 
is brought about by the faculty of mutual combination which exists in 
the atoms of carbon, and, as a consequence of the most detailed study 
of the subject, much that might have been foreseen and con^jectured 
from the law of substitution has been actually brought about in such 
a manner as might have been predicted, and although this subjeob 
on account of its magnitude really belongs, as has been already stated^ 
to the sphere of organic chemistry, it has been alluded to here in order 
to show, although only in part, the best investigated example of the 
application of the law of substitution. According to this law, a mole- 
cule of methane, CH4, is capable of undergoing substitution iu the four 
following ways : — (1) Methyl substitution, when the radicle, equivalent 
to hydrogen, called methyl CH3, replaces hydrogen. In OH4 thia 
radicle is combined with H and therefore can replace it, as (OH) 
replaces H because with it it gives water ; ( 2 ) methylene substitution^ 
or the exchange between H2 and CH2 (this radicle is called methylene)j, 
is founded on a similar division of the molecule CH4 into two equiv^ 

oonduoted in metallic pipes to works hundreds of miles- distant, principally ior xnetal« 
lurgical purposes. 

The purest gas is prepared by mixing the liquid substance oaUed sine methyb 
Zn(CH3)2, with water, when the following reaction oocurs : 

2^(0H3)3 -4' 2HOH » Zn(HO)2 -f- 20B5H, 

Methylene, CH^, does not exist. When attempts are made to ^ain it (for 
example, by removing from CH:^), C3H4 or CjHa are produoed-»that is to say, it 
aodeegoea polymerisation. 
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(CH) (OH), or acetylene^ both the latter being uiisaturated hydro- 
carbons. Thus W6 have all the possible hydrocarbons with two atom® 
of carbon in the molecule, C2II6, ethane, C2H4, ethylene, and C2H2^ 
acetylene. But in them, according to the law of substitution, the 
same forms of substitution may be repeated — that is, the methyl, 
methylene, acetylene, and even carbon substitutions (because O2H6 will 
still contain hydrogen when C replaces H4) and therefore further sub- 
stitutions will serve as a source for the production of a fresh series of 
salturated and unsaturated hydrocarbons, containing more and more 
carbon in the molecule and, in the case of the acetylene substitution 
and carbon substitution, containing less and less hydrogen. Thus by 
means of the law of substitution we can foresee not only the limit 
0«H2«+2} but an unlimited number of unsaturated hydrocarbons, 
C,Jl2n-2 '• * V . (»_,„), where m varies from 0 to n--l, 3 ® and 

where n increases indefinitely. From these facts not only does the 
existence of a multitude of polymeric hydrocarbons, differing in mole- 
cular weight, become intelligible, but it is also seen that there is a possi- 
bility of ceases of isomerism with the same molecular weight. This 
polymeriam so common to hydrocarbon compounds is already apparent 
in the first unsaturated series CJB[2«) because all the terms of this 
series O2H4, CsHg, C4H3 ^ ^ ^ CaoH^o w » have one and the 

same composition OH2, but different molecular weights, as has been 
already explained in Chapter VII. The differences in the vapour 
density, boiling points, and melting points, of the quantities 
entering into reactions,®^ and the methods of preparation also so 
clearly tally “^Vith the conception of polymerism, that this example will 
always be the clearest and most conclusive for the illustration of 
polymerism and molecular weight, 6uch a case is also met with among 
other hydrocarbons. Thus benzene, C^Hg, and cinnamene, OsHg, 
correspond with the composition of acetylene or to a compound of 
the composition OH.^^ The first boils at 81 °, the second at 144 ° ; 

53 "When 1, we have the eeriea CnH2. The lowest member is acetylene, CjH^. 

These are hydrocarbons containing a minimum amount of hydrogen. 

For instance, ethylene, C2H4, combines with Br2, HI, H2SO4, as a whole molecule, 
as also does amylene, CsHio ^■nd, in general, OnHQn. 

For instance, ethyleije is obtained by removing the water from ethyl alcohol, 
C2H5(0H), and artiylene, amyl alcohol, ^(OH), or in general OuH2;i, from 

€«H2«+i(0H). 

Acetylene and its polymerides have an empincof composition CH, ethylene and 
its homologues (and polymerides) CHj, ethane CH3, methane CH4. This series presents 
a good example of the law of multiple proportions, but such diverse proportions are met 
wjth between the number of atoms of tl^o carbon and hydrogen fn the hydrocarbons 
already known that the accuracy of Dalton’s law might be doubted. Thus the substances 
C50H62 and CjoHgo differ so slightly in their composition l?y weight as to be within tlio 
limitwof ejrp^lxnental error, but their reactions and properties are so distinct that' they 

*4 
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is to be expected, how'ever, that there should be two butanes, C4H10, 
and this is actually the case. In one, methyl may be considered 
as replacing the hydrogen of one of the methyls, (iB[3CH2CH9CH3 ; 
and in the other CH3 may be considered as substituted for H in 

CH 

OHo, and there it will consist of CH3 CHq^^. The latter may 

also be regarded as methane in which three of hydrogen are exchanged 
for three of methyl. On going further in the series it is evident that 
the number of possible isomerides will be still greater, but we have 
limited ourSelves to the simplest examples, sihowing the possibility and 
actual existende of isomerides, C2H4 and CH2CH2 are, it is evident, 
identical ; but there ought to be, and are, two hydrocarbons of the 
composition O3H6, propylene and trimethylene ; the first is ethylene, 
CJH2OH2, in which one atom of hydrogen is exchanged for methyl, 
OH2CHOH3, and trimethylene is ethane, CH3CH3, with the substi- 
tution of methylene for two hydrogen atoms from two methyl groups — 
OH 

that is, where the methylene introduced is united to both 

the atoms of carbon in CH3CH3. It is evident that the cause of 
isomerism here is, on the one hand,xl^e difierenoe of the amount 
of hydrogen in union with the particular atoms of carbon, and, on the 
other, the different connection between the several atoms of carbon. 
In the first case they may be said to be chained together (more usually 
to form an open chain '), and in the second case, to be locked together 
(to form a ‘ closed chain ’ t>r * ring ’). Here also it is easily understood 
that on increasing the quantity of carbon atoms the number of possible 
and existing isomerides will greatly increase. If, at the same fcime^ 
in addition to the substitution of one of the radicles of methane for 
hydrogen a further exchange of part of the hydrogen for some of 
the other groups of elements X, Y . . . , occurs, the quantity of 
possible isomerides still further increases in a considerable degree. 
For instance, there are even two possible isomerides for the derivatives 
of ethane, 02He : if two atoms of the hydrogen be exchanged for 

means is replaced by X, or else, for instance, if CHjX be obtained by the decomposition 
of more complex compounds, the same product is always obtained. 

This was shown in the year 1860 , or thereabout, by many methods, and is the funda* 
tnental conception of the structure of hydrocarbon compounds. If the atoms of hydrogen 
In methyl were not absolutely identical in value and position (as they are not, for instance, 
in CH5CH2CH5 or CH3OH2X), then there would be as many different forms of OH5X 
as there were diversities in the atoms of hydrogen in CH4, The scope of this work doe^ 
not permit of a more detailed account of this matter. It is given in works on organki 
i^emistry. 

^ The union of carbon atoms in closed chains or rings was first suggested by KekuIS 
as an ^lonation of the structure and isomerism of the derivatives of benzene, 
forming ardmatio compounds (Note 26 ). 
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is the lowest known member of the unsaturated hydrocarbon, series of 
the composition C„ H 2 „. As in composition it is equal to two molecules 
of marsh gas deprived of two molecules of hydrogen, it is evident that 
it might be, and it actually can be, produced, although but in small" 
quantities, together with hydrogen, by heating marsh gas. On being 
heated, however, olefiant gas splits up, first into acetylene and methane 
( 3 C 2 H 4 = 2 C 2 H 2 + 2 CH 4 , Lewes, 1894), and at a higher tempera- 
ture into carbon and hydrogen ; and therefore in those cases where 
marsh gas is produced by heating, olefiant gas, hydrogen, and charcoal 
will also be formed, although only in small quantities. The lower the 
temperature at which complex organic substances are heated, the 
greater the quantity of olefiant gas found in the gases given off ; at a 
white heat it is entirely decomposed into charcoal and marsh gas. If 
coal, wood, and more particularly petroleum, tars, and fatty substances, 
are subjected to dry distillation, they give off illuminating gas, which 
contains more or less olefiant gas. 

Olefiant gas, almost free from other gases, may be obtained from 
ordinary alcohol (if possible, free from water) if it be mixed with five 
parts of strong sulphuric acid and the mixture heated to slightly above 
100®. Under these conditions; the sulphuric acid removes the ele- 
ments of water from the alcohol, 02 H 5 ( 0 H), and gives olefiant gas ^ 
C 2 H 6 O = H 2 O -h C 2 H 4 . The greater molecular weight of olefiant gas 
compared with marsh gas indicates that it may be comparatively easily 
converted into a liquid by means of pressure or great cold ; this may 
bo effected, for example, by the evaporation of liquid nitrous oxide. 
Its absolute boiling point is 4 10®, it bpils at — 103® (1 atmosphere), 
liquefies at 0®, at a pressure of 43 atmospheres, and solidifies at — 160®. 
Ethylene is colourless, has a slight ethereal smell, is slightly soluble in 
water, and somewhat more soluble in alcohol and in ether (in five 
volumes of spirit and six volumes of ether).'*^ 

Ethylene bromide, C 2 H 4 Br 2 , when gently heated in alcoholic solution with finely 
divided zinc, yields pure ethylene, the zinc merely taking up the bromine (Sabaneyeff). 

•*7 Ethylene decomposes somewhat easily under the influence of the electric spark, 
or a high temperature. In this case the volume of the gas formed may remain the 
eame when olefiant gas is decomposed into carbon and marsh gas, or may increase to 
double its volume when hydrogen and carbon are formed, C 2 H 4 =CH 4 +C = 2C + 2 H| 2 . 
A mixture of olefiant gas and oxygen is highly explosive ; two volumes of this gas require 
six volumes of oxygen for its perfect combustion. The eight volumes thus taken then 
resolve themselves into eight volumes of the products of combustion, a mixture of water 
and carbonic anhydride, C2H4+S02=2C02+2H20. On cooling after the explosion 
diminution of volume occurs because the water becomes liquid. For two volumes of the 
olefiant gas taken, the diminution will be equal to four volumes, tod the same for marsh 
gas. The quantity of carbonic anhydride formed by both gases is not the same. Two 
volumes of marsh gas give only two volumes of carbonic anhydride, and two^volul 's ol 
ethylene give four volumes of carbonic anhydride. 
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is the lowest known member of the unsaturated hydrocarbon series of 
the composition 0,* Uqh* As in composition it is equal to two molecules 
of marsh gas deprived of two molecules of hydrogen, it is evident that 
it might be, and it actually can be, produced, although but in small" 
quantities, together with hydrogen, by heating marsh gas. On being 
heated, however, olenant gas splits up, first into acetylene and methane 
(3C2H4 = 2C2H2 + 2CH4, Lewes, 1894), and at a higher tempera- 
ture into carbon and hydrogen ; and therefore in those cases where 
marsh gas is produced by heating, olefiant gas, hydrogen, and charcoal 
will also be formed, although only in small quantities. The lower the 
temperature at which complex organic substances are heated, the 
greater the quantity of olefiant gas found in the gases given off ; at a 
white heat it is entirely decomposed into charcoal and marsh gas. If 
coal, wood, and more particularly petroleum, tars, and fatty substances, 
are subjected to dry distillation, they give off illuminating gas, which 
contains more or less olefiant gas. 

Olefiant gas, almost free from other gases,^^ may be obtained from 
ordinary alcohol (if possible, free from water) if it be mixed with five 
parts of strong sulphuric acid and the mixture heated to slightly above 
100®. Under these conditions; the sulphuric acid removes the ele- 
ments of water from the alcohol, C2H5(OH), and gives olefiant gas } 
CqHqO = H 2O + C2H4, The greater molecular weight of olefiant gas 
compared with marsh gas indicates that it may be comparatively easily 
converted into a liquid by means of pressure or great cold ; this may 
bo effected, for example, by the evaporation of liquid nitrous oxide. 
Its absolute boiling point is + 10®, it boils at — 103® (1 atmosphere), 
liquefies at 0®, at a pressure of 43 atmospheres, and solidifies at — 160®. 
Ethylene is colourless, has a slight ethereal smell, is slightly soluble in 
water, and somewhat more soluble in alcohol and in ether (in five 
volumes of spirit and six volumes of ether).'*^ 

Ethylene bromide, C2H4Br2, when gently heated in alcoholic eolntion with finely 
divided zinc, yields pure ethylene, the zinc merely taking up the bromine (Sabaneyeff). 

Ethylene decomposes somewhat easily under the influence of the electric spark, 
or a high temperature. In this case the volume of the gas formed may remain the 
same when olefiant gas is decomposed into carbon and marsh gas, or may increase to 
double its volume when hydrogen and carbon are formed, C2H4=CH4+C=20 + 2H3. 
A mixture of olefiant gas and oxygen is highly explosive ; two volumes of this gas require 
six volumes of oxygen for its perfect combustion. The eight volumes thus taken then 
resolve themselves into eight volumes of the products of combustion, a mixture of water 
and carbonic anhydride, C2H4 + 302 = 2 C 02 + 2 H 20 . On cooling after the explosion 
diminution of volume occurs because the water becomes liquid. For two volumes of the 
olefiant gas taken, the diminution will be equal to four volumes, And the same for marsh 
gas. The quantity of carbonic anhydride formed by both gases is not tire some. Two 
volume^ of marsh gas give only two volumes of carbonic anhydride, and two^volul 's ol 
ethylene give four volumes of carbonic anhydride. 
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Acetylene is also produced in all those cases where organic sub- 
etances are decomposed by the action of a high temperature — for 
example, by dry distillation. On this account a certain quantity is 
always found in coal gas, and gives to it, at all events in part, its 
peculiar smell, but the quantity of acetylene in coal gas is very small, 
if the vapour of alcohol be passed through a heated tube a certain 
quantity of acetylene is formed. It is also produced by the imperfect 
combustion of olefiant and marsh gas-— for example, if the flame of 
coal gas has not free access to air.^^ The inner part, of every flame 
contains gases in imperfect combustion, and in them some amount of 
acetylene. 

Acetylene, being further removed than ethylene from the limit 
of hydrocarbon compounds, has a still greater faculty of combi- 
nation than is shown by olefiant gas, and therefore can be more readily 
separated from any mixture containing it. Actually, acetylene not' 
only combines with one it<nd two molecules, of I2, HI, H2SO4, CI2, Br2^ 
&c. . . . (many other unsaturated hydrocarbons combine with them),, 
but also with cuprous chloride, CuCl, forming a red precipitate. If 
gaseous mixture corrtaining acetylene be passed through an ammoniacal 
solution of cuprous chloride (or silver nitrate), the other- gases do not 
combine, but the acetylene gives a red precipitate (or grey with silver),, 
which detonates when struck with a hammer. This red precipitate 
gives off acetylene under the action of acids. lu this manner pure 
^icetylene may be obtained. Acetylene and its homoldgues also 
readily react with corrosive sublimate, HgCl2 (Koucheroff, Favorsky). 
Acetylene burns with a very brilliant flame, which is accounted for 
by the comparatively large amount of carbon it contains.®^ 

The formation and existence in nature of large masses of petroleum 
or a mixture of liquid hydrocarbons, principally of the series CnHjn+a, 
and CflH2„ is in many respects remarkable.®* In some mountainous. 

This is easily accomplished with those gas burners which are used in laboratories 
and mentioned in the Introduction. In these burners the gas is first mixed with air in 
long tube, above which it is kindled, ifeut if it be lighted inside the pipe it does not; 
bum completely, but forms acetylene, on account of the cooling effect of the walla of the 
metallic tube ; this is detected by the smell, and may be shown by passing the issuing 
gas (by aid of an aspirator) into an ammoniacal solution of cuprous chloride. 

^ Amongst the homologues of acetylene CnH2«-2* lowest is C5H4; allylene,. 
GH3CCH, and allene, OHjCCHa, are known, but the closed structure, CHaCCH)^, is 
little investigated. 

The saturated hydrocarbons predominate in American petroleum, especially in 
its more volatile parts ; in Baku naphtha the hydrocarbons of the composition CnH^n form 
the main part (Lisenko, Markovnikoff, Beilstein) but doubtless (Mendeldeff) it also ooha 
tains saturated ones, CmHom + 3. The structure of the naphtha hydrocarbons is only known 
for the lower/homologues, but doubtless the distinction between the hydrocarbons of the 
Pennsylvanian and Baku naphthas, boiling at the same temperature (after the requisito^ 
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oily suBstance, universally nsed for lighting, called kerosene or photo- 
gen or photonaphthalene, and by other names. The specific gravity 
of kerosene is from 0*78 to 0*84, and it smells like naphtha. Those 
products of the distillation of naphtha which pass off below 130^^ and 
have a specific gravity below 0*75, enter into the composition of light 
petroleum (benzoline, ligroin, petroleum spirit, &c.) ; which is used as 
a solvent for india-rubber, for removing grease spots, &c. Those por- 
tions of naphtha (which can only be distilled without change by m^ns 
of superheated steam, otherwise they are largely decomposed) which 
boil above 275° and up to 300° and have a specific gravity higher 
than 0*85, form an excellent oil,®^ safe as regards inflammability 
(which is very important as diminishing the risks of tire), and may be 
used in. lamps as an effective substitute for kerosene.*’^ Those portions 
of naphtha which pass over at a still higher temperatiire and have a 
higher specific gravity than 0*9, which are found in abundance (about 
30 p.c.) in the Baku naphtha, make excellent lubricating or machine 
oils. Naphtha has many important applications, and the naphtha 
industry is now of great commercial importance, especially as naphtha 

w This is asp-called intermediate oil (between kerosene and lubricating oils), solar oil, 
or pyronapbtha.- Lamps are alroa,dy being manufactured for burning it but still require 
improvement. Above all, however, it requires a more exteuded market, and this at 
. present is wanting, owing to the two following reasons : (1) Those products of the American 
petroleum which are the most widely spread and almost universally consumed contain 
but little of this intermediate oil, and what there is is divided between the kerosene 
and the lubricating oils j (2) the Baku naphtha, which is capable of yielding a great 
deal (up to 80 p.c) of intermediate oil, is produced in enormous quantities, about 
$00 ndllion poods, but has no regular markets abroad, and for the consumption in 
Russia (about 25 million poods of kerosene per annum) and for tlie limited export 
(60 million, poods per annum) into ‘Western Europe (by the Traus- Caucasian Railway) 
those volatile and more dangerous parts of the naphtha which enter into the composition 
of the American petroleum are sixfQcient, although. Baku naphtha yields about 25 p.c. of 
such kerosene. For this reason pyronaphtha is not manufactured in sufficient quantities, 
and the whole world is consuming the unsafe kerosene. 'When a pipe line has been laid 
from Baku to the Black Sea (in America there are many which carry the raw naphtha to 
the sea- shore, where it is made into kerosene and other products) then the whole mass of 
the Baku naphtha will furnish safe illuminating oils, which without doubt will find an 
immense application. A mixture of the intermediate oil with kerosene or Baku oil (spe* 
cific gravity 0*84 to 0'86) may be considered (on removing the benzoline) to be the best 
flluminating oil, because it is safe (flasbing point from 40® to 60°), cheaper (Baku naphtha 
gives as much as 60 p.c. of Baku oil), and bums perfectly well in lamps differing 
but little from those made for burning American kerosene (unsafe, fiashing point 
20° to 80°). 

^ The substitution of Baku pyronaphthu, or intermediate oil, or Baku oil (see Note 
Ii8), would not only be a great' advantage as regards safety from fire, but would also 
be highly economicaL A ton (62 poods) of American crude petroleum costs at the 
coast considerably more than 24e. (12 roubles), and yields two-thirds of a ton of 
kerosene suitable for ordinary lamps. A- ton of raw naphtha in Baku costs less than 
4s. (1 rouble 80 copecks), and witli a pipe line to the shore of the Black Sea would not 
cost more than 8 roubles, or 169. Moreover, a -ton of Baku naphtha will yield as mudi aa 
two-thirds of a ton of kerosene, Baku oil, and pyronaphtha suitable or iUuxnmating 
purposes. 
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mountain chains,®^ because water with iron oarbida ought to give iron 
O 3 ;ido and hydrocarbons*®^ Direct ©xperiment proves that the so-calkd 
spiegckisen (umnganiforous iron, rich in chemically combined carl>on) 
when treated with acids gives liquid hydrocarbons®® which in com* 

During the u|>h«ftvd of wounUia range® or^vaisea wouldi bn fon«©4 at tht r«Rk» 
with oponlng® an^ at th® foot of tho mountalna with ©poningn clownwartll. 

Thoso ovaoks in oouri© of time fill up, but tho younger tho mountaimi the froBbwr the 
evades (the AUegbany mountalni aw, without doubt, mow andout than tiio Caiu!a»lan, 
which wwd formed during tht ttrtiary opoch) ; tlTOugh thorn water must gain aceans 
deep into the r«cc«iw* uf dht earth to an extent that could not ot)tmr on tiu) hivid (on 
plains), Tim iltuatlon of naphtha at tho foot of mountain chains is th© pvindjml 
argxmicnt in my hyimthosis, 

Another fundamental waton is the ooniMaration of the moan dtndly of th# earth. 
Cavendish, Airy, Cortm, Boys, and many othors who have investigated tbo subject by 
various mothodi, found that, teklng water **»1, th© moan dimslty of the earth It nearly 
;0‘5. As at the iurfaco water and all rooks (sand, day, limiistene, granitt, hav# Oi 
.density loss than 8, it is ovidtint (at adid subitanoo® Arc but slightly compreislld© ©v«n 
undesrtha greatest prosauro) that in«id© the earth there aro auhiitancim of a greater density 
— indeed, not lowi than 7 or 0. What conduilon, then, can be arrived at? Anything 
heavy oontainod In th© Imwim of th© earth must tei diskibuted not only on its iurfaot, 
but throughout the whole solar tjitem, for everything tends to show that th« sun and 
planets arc formid from th§ tiam© material, and according to the hypothails of Laplaoc 
and Kant it k most probable, and indood must ntwiwrily be hold, tliat th« earth and 
planate are but fragments of the sdar atmosplmrt, whlcb> have had tlmt to wd eon* 
iidtrably and bicomi maisot wmidiqnid Inild® and solid outeldo, fomlnf both p^tte 
and satfdlltes. Th§ sun amemfst othor heavy otemonti oonkini a great dial of iron, 
as shown by speekum analysk Thor® Is also much of It in an oxidlitd condition oa 
th© surface of the earth. Mtiteorlo itonos, oarriotl as fragmentary phumts in the solar 
system and itunititnos falling upon th® earth, coniiiting of silieoowi rockti similar to ter- 
restrial onci, often contedn either donso rnasao® of iron (for txamplo, tho Iklloiovo iron 
proaervod in Urn 8t. Botemburg Academy of Sdenoci) or granular mnaaea (for instanoOi 
tho Oklmnik moteortti of lSi§}. Il Is teorofor® poidblo that th® interior of tho oartte 
oontaini much Iron In a mtlalllc ilate. J^hii might bt aiitioiimted from tite hypothesis 
of I#aplao«, tor th® iron must hav# bten om»p#ii#d Into a liquid at that poriod when 
tho othsr componsnt parti of ^ wort $|tll itroafly boated, and oxidti of iron 
oould not. thin have boon tormtd, Tim Iron was ©offrtd with tkp (mlxfcurw of illlcates 
Ilk© glass fuftod with rooky matter) which did not allow it to bum at tht txpnio of tho 
oxygon of th® atmosphoro or of water, just at Uiat time wh©n th® temporaturt of tho 
earth was Very high. Carbon was in tho earn© state; Its oxides wtr® dso oapablo of 
disoooiatiun (Deville); it in also but ilightly volatile, and has an affinity for iron, and iron 
carbide b found In >notoorlo ©tonus (ao woU as carbon and ovon tho diamond). Thus tho 
suppmiition of tho oxmtenco of Iron carbides in tlm interior <»f th® earth was derived by 
mo from WMiy indications, which arc to iomo extent confirmed hy th# fart that granular 
pieces ©I Iron Imv# boon found In tomo Imsalte (unciont lava) as well as in meteoric wtone®, 
Th© occurriuco of Iron in oontact with carbon during tho formation of tb# earth k all 
tho mor® prolmble hocaui© thoift cloments prodominato in nature which have smsU 
atomio weights, and among them tho moat widely didused, th® most difficultly fusible, 
and thcroforo the most' easily oondonaod (Chapter XV,) ar® oorbon and iron, Thay 
pawotl into the liquid state' whin all eompounds Wire at a temptratur® of disfoclation, 

Tho following ii th® typical equation tor thii formation s 
8F#mO» + IwilliO »mF %04 (ma|netto oxide) + OpH|wi {»m Chapter XVII., Note 88). 

Oloei inviitif ated the hydrewarboni tormtd when castdroa it diitolvod in. hydro* 
oWcsple aoid, and found 0«Ht« and others, I treated oryitaUlno ma»f aniftroui oiit.hpa 
with tb# MSM Mid, and obtalnod a liquid mixturo of h^'drooarb^i #Xio% ibudar to 
naturtd napfitlk to taibb ud rtaottoa. 
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CHAFTEE m 

C?OMPOTOB« OF OAEIKIM WITH OXYfliSf AMO EITSOO^ 

Cabbohio aiilijdnck (or mrlnmio tioki m mriMm dloxidei CO|) wm ## 
first of idl gmm clistinguishiH:! from mtintniplMirio aim. FAmetlitti ftii4 
Van IMmont, in tho sixtot^nth tMmtury, know tliat on hmitlug limtwtoti# 
a particular gm winch is alao forincMi during tlio alcohollo 

fermentation of aaccduirino solutions (for inatanm^ in n»Atmfii4*t«rti 
of wine) ; they krmw that it was kloutic'al wit|i tlm gm which » pfxi* 
duoed by Uio ctJinbustion of cliaiwali o^nd that in some «««« it is tmio^ 
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'fa imtum la <»un© (£ timii it was found that th» ga« I* alj»orWI 1^ 
alkali, forming m mil which, aadw the mikm of Afifa y WIdt 
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been also jnade with great esiactitude with large animals, such as men# 
bulls, sheep, &c. By means of enormous hermetically closed bell 
receivers and the analysis of the gases evolved during respiration it waja 
found that a man expels about 900 grams {more than two pounds) of 
carbonic anhydride per diem, and absorbs during this time 700 grams of 
oxygen.' It must be remarked that the carbonic anhydride of the air 
constitutes the fundamental food of plants (Chapters m., V., and VIII,) 
Carbonic anhydride in a state of combination with a variety of other 
substances is perhaps even more widely distributed in nature than in a 
free state. Some of these substances are very stable and form a large 
portion of the earth^s crust. For instance, limestones, calcium carbonate, 
OaOOs, were formed as precipitates in the seas existing previously on 
the earth ; this is proved by their stratified structure and the number 
of remains of sea animals which they -frequently contain. Chalk, 
lithographic stone, limestone, marls (a mixture of limestone and clay), 
and many other rocks are examples of such sedimontary formations, 

1 The quantity of ooxbonio acid gas exheded by a man during the twenty* four hours 
Is not evenly produced; during the night more oxygen is taken in than during the 
day (by night, in twelve hours, about 460 grams), and more (Mcbonio anhydride k sepo* 
rated by day than during night«time and r^se ; tibus, of the 000 grams produced 
during the twenty-four hours about 875 are given out during the n%ht and 625 by day. 
This depends on the formation of carbonic anhydride during Ihe work performed by the 
man in the day. Every rxKwement is the result of some dbange of matter, for 
force cannot be self-created (in accordance with the law of the conservation ci energy). 
Proportionally to the amount of carbon consumed an amount of energy is stored up in 
the organism and is consumed in tlie various movements performed by animals, Ibis 
is proved by the fact that during work a man exhales 626 grama of corbonto anhydride 
in twelve hours instead of 875, absorbing the some amount of oxygen as before. After 
a working day a man esdialea by xdght almost the same amount of carbonic aashydride 
as after a day of rest, so that duri^ a total twenty-four hours a man exhalos about 
900 grama of carbonic anhydride and alMorbs about 980 grams of oxygen. There- 
fore during work the change of matter increases. The carbon expended <hi the work 
is obtained from the food; on this account the food of animals ought certaihly to 
contain carbonaceous substances capable of dissolving under the action of the digestive 
fluids, and of. passing into the blood, or, in other words, capable of being digested. Such 
food for man and ell other animals is formed of vegetable matter, or of ports of other 
animals. The latter in every case obtain their carbonaceous matter from plants, in 
wTuch it is formed by tbe separation of the carbon from the carbonic anhydride taken up 
during the day .by the respiration of the plants. The volume of the oxygen exhaled by 
jdants is almost equal to the volume of the .carbonic anhydride absorbed ; that is to say^ 
nearly all the oxygen entering into the plant in the form of carbonic anhydride is Ub^ 
rated in a free state, whilst the carbon from the carbonic anhydride remains in the plant. 
At the same time the plant absorbs moisture by its leaves -and roots. By a process which 
is unknown to us, this absorbed moisture and the carbon obtained from the carbonic an- 
iiydride enter into the composition of tlie plants in the form of so-called carbohydrates^ 
composing the greater part of the vegetable tissues, starch and cellulose of the ooiA- 
position being representatives of them. They may be considered like all carbo- 

hydrates as compounds of carbon and'water, 6 C + 6 H 2 O. In this way a cirovXation of 
t he carbon goes on in nature by means of vegetable and flinimal cugonisms, in which 
changes the principal factor is the carbonic anhydride of the air. . 




exclusively formed from th© shelll of mlmU or|aiil«ii». A% wfeo»te 
anhydride (togither with water) it procietadl tlurifig th© wiihuitlofi ol 
all orgaai© oompouiidt la a ttremm of oicygtm or hj Iwitliag them with 



carbon in organic oompound% more wp«.^€»lly m the CC>| can h% wily 
collected and the amount of C4rk>n oalcukt^l from In weighl Ffir 
this purpose a hard glass tub#, olosotl at orm tmd, It illiiti wiili * 
mixture of the organic tutetanee {ah«">iil 0‘2 gram) iiiid coppr cwkl#. 
The open end of the tube Is fltt^ witli a i^rk mul tub© 


Fxe, tS.— App^rttm for oombaitteo of ori^»l« ti| Ifftliltoi win* 


calcium chloride for absorbing the water fornitd lij tli# oxiiiatlcifi el 
the substano©. This tube is herm^ieidllj (by m c^omchpiit 

tube) with potash bulbs or other welghl«g apparatui (QiJ*pl«r mm* 
taining alkali d^tiaed to absorb themrbonle aaliydiriki^ Ttin 
in weight of this apparatus shows the sfemounts of mr^nlo ftiiliyilritl# 
fbrmed during the combustion of the glw®ii wkininci, and tli« cpaiitiiy 
of carbon may be d^ermined from thi% Iswmiw tli»& ^rla of 
giv'e eleven parts of mrbonio anhydrid#- 

Fot ih$ pr^araii04 qf m^honio ankpdirM$ In kboratorl« aful iiflw 
in manufactories, varfout kinds of mtlolum carbonate mm Mmg 
treated with some add j it is, howev#r| most uiual te ©itiplej tbn 
^lled muriade acid’—that is, an aqueoma wlilloii of liyilr»lil©rie mk4f 
HOI— bemuse, in the ftrst place, the «ul»lafi» foraisl, 
chlonde. OaOlj, {s soluble ia water arwdi do« fcin^ tht fortb^ 
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action of tho acid on tlio fftlciuln carbonate, and secondly because, as 
we shall see furtiier on, muriatic aoid ii a common product of ohemicaL 
works and one of the cheapest. For calcium carbonate, either limestone, 
chalk, or marble k usad.’*^ 

CaCOa -h 2IIC1 « CaCl, ^ ILfi + €0^. 

The nature of the reaction in this caio is the same as in the decom- 
position of nitro by sulpluirlo acid ; only in tho latter case a hydrate is 
formed, and in the former an anhydride of the acid, because the 
hydrate, carbonic acid, IlgCC)^, Ii unstable and a® soon as it separates 
decomposes into water and itn own anhydride, It Is evident from the 
explanation of the cause of the action of sulphuric acid on nitre that 
not every acid can bo omployt4 for obtaining carbonic anhydride ; 
namely, those will not set it free which chemically are but slightly 
energetic, or those which arc insoluldo in water, or are themselves as 
volatile as carbonic anhydritic.*'* But as many acids are soluble in 
water and are less volatile than carbonic anhydride, the latter is 
evolved by tho action of most acids on its salts, and this reaction takes 
place at ordinary tompiiratures."* 

» OthiJf m«.y b# uitA Inite&A of hyircwhlodo j for Inttaao©, ao^fele, or oven 
iulphurle, aUhough ihin kfcter It not swItaMn, htcauii It forms ae a produot iiiftoluble 
oakluin iulpliatti (Kyimmn) whii’h rnirromi^rt tim antenehe^ oalolum carbonate, and thus 
prevents a further iivolutlon of gft». But if poroui Bmeitono— for instance, chalk*— be 
timtcd with Bulphurk acid diluted with an volume of water, the liquid ia absorbed 
and acting on tho mas» of tho muU, ilu» ovedution of carbc»nlo anhydride contmuos evenly 
for a long time. Instead of cah-hnn carhonato tdhor carbonatea may of course bo. used; 
for initanct, waihing-tocla, N^OO^, which Is aikm chowin when it in required to produce 
a rapid itriam of earbemk anliytlrldii (fur eitampli, for liquefying it). But natural 
crystalline mapittlttm mrboaate aiii ilmikr salts a» wi& difficulty decomposed by 
l^ydrochlorlo and sulphuric acldi. When t«r antaufacturinf purposes— for instance, in 
precipitating lime In ittgar-works— a larga quantity of earboulo acid gas It Required, it 
is generally obtained by burning charcoal, and the produoti of combustion, rich in 
carbonic anhydridi^, are pum|H«l ink> the liquid oontainjng the lime, and the carbonic 
anhydride is thus ainuirlied. Another metluHl h also practised, which consists in using 
the carl)oni<5 auhyilriilo nopttrated during ftirmnutation, or that evolved from limekilns. 
During tho fenmnitathm of uwoot wort, grape- Juice, lUid other similar sacchanno solu- 
tloutt, tho ghuioKo ehn.ngo4 under tho influence of the yeast organism, forming 

doohol and rarlHUile anltydrliln (‘JCOa) which separates in tho form of gas; if 

the fermojitatloH prooeiniw In bottlise aiiarklinig wine lu obtained. When oarbonio 

acid gai ill prepared for «atumtln|| water and other bfivoragoa it is necessary to use it 
i» a pure itat©. Whikt in tho liiate In which it iu tvtdved from ordinary limestones by 
the aid of acids it contain^*, ImsidoM a ci*rtah» quantity of acid, the organic matters of the 
limestone; in order to diminish ih« quantity of tbtft© lubstanoes the densest kinds of 
dolomitfi arc u«fd, which contain leas organic matter, and the gai formed is passed 
through varkuB waaliing apimriitiw, and them through a solution of potassium permau-’ 
.ganatti, which abiorbsi cirganio malter and docM not take up carbonic anhydride. 

^ Hyiwhloroui acid, licit), iind Its anhydrldt, CljOido not displace carbonic acid, and 
•hydropa iulphidc has thii »iui rchiiiun to carbonic acid as nitric acid to hydrochlorio— 
■an cxecti of either one dispkoet* tl»c other. 

< Tbuf, la prtparlag tlm -ordluary offervciclag powders, sodium bicarbonate (or add 
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Jt is m example of those gaiaous suhstonew which have been 
long ago transformed into all tlie throe atates. In order ^ obtain 
liquid carbonic .anhycirid©, the gas must bo submitted to a pros* 
euro of thirty-six atmosphtirei at Its absolute boiling point 

to +32®.® Liquid carbonic anhydride is oolourlosa, does not mix with 
water, but is soluble in idcoliol, other, and oils ; at O*’ its gpcicifio gravity 

0-83.® Tho boiling point of this liquid lias at -80^— that is 
to say, tho prossuro of oarbonio acid gat at that ternporaturo does 
not exceed that of tho atmotphero. At tho ordinary tiimporaturo tho 
liquid remains ai such for ftomo time under ordinary prossuro, on 
account of its requiring a oonaidorablo amount of ,heat for its 
ovaporation. If tho evaporation tekos place rapidly, oipoelally if tho 
liquid issues in a stream, such a decrease of temj>emture ocou» that 
a part of the oarbonio anhydride is triinsfermed into a solid snowy 
mass. Water, mercury, and many other liquids fretue on coming into 
contact with snow-like carl>onlo anhydride.^ In this form carl>oni0 
anhydride may bo preservcKl for a long tim© In tho op«m air, booauio it 
requires still moi*c heat to turn It into a gw than when In a liquid 
state.® 

The capacity which earbonlo anhydrido hitolboinf liqutitd ttends 

eertala lap#© of timo, th© ©arboaic aahytlrklo win h% OnfCUilHttU U» ¥«§§#!, 

ionn a uoiform mlxluf© with th© air, |w«l m iwtlfe In watiir. 

7 Thid wai iirul by who waIwI up in a tuho a mixture 

of a earhonnto untl ©ulphurie aoitl. Aftorwariln thiM mnthml vva» vmy t'oni»i»1;nr4hly Im. 
provntl by Thibrinr and Niiinir*»r, wJtoio n|»p*n‘Atiiit I© givtm in Chaptoi* VI. in d©»©rih- 
Ing N^O. U it, howivtr, ntctimry Ui rmnark that th« nrium-Ation cd litjnlil CArl«mio 
Anhyaria© requirit foo4 liquiifying ap|»mteii| Cf>si»t*iil cotUing, mu\ a ra|iicl |irn|m»lkm 
of I«f « mtsif of owboaio AikyarMte* 

® 0»bonlo »hyW4#, haflni te# mm m lUlims ¥«fy myuili 

rM©mbl#i It whoa in a liquM iteti. 

® *»*«• Whin pourea Into a twH whl«li Is then i^dl up, liqutfloi anhyaria© 

eon b§ ©asily pn^twrynd, teau»© «. Ihlok tnW mtlly iupporto Uit (about W 

AtmoKphttria) ©xiritnl by tho litjuitl at th« nrtliiiary to»n|iomtom, 

S VVluMi a lh»i ntrfunn ut hqultl rarbunlo anliydrian li aii©hafg®tU»toaiaoft4 intlalllo 
voHwnl, about ont)4hira cif iti »im*» twliilifttm nntl th© ronmlnaijrii¥a|a>mtos. In iniploying 
ftoUa Cttrbuuit: ftuhyariao for making imfMwimnntt at biw t«in|a»mturni, It hmi iu um il 
inixoa with cithiip, othorwito ihtw will Ihi tow iKiIiiii of ewitaot. If a litriHun of air Imi 
blown through a itilxtum of liquid tmfkinlo Anhyiirldi nwl wthor, tho ovapfn'Atii»ri piW 4 in 4 g 
rapidly, and grimt ©old ia obtaluml. At prnwinfc in »omti Bporial nianuituqtirkw (and tot 
making artUlolal mititral wator«} anhyilridn to hqu«.ifUHl «»n tlin largo stmln, ilM. 

Into wrought* iron ©yUmb?r« iwvltltd with a valvn, and in thi» luantnir Ife ««.» te 
portod and prunervod aafnly tor a long tim#. It to ttwKi, fi»r In brtwtrtot. 

® Solid cmrtomio anhydrld#, notwltlwtotidlng lit viry tow teiniwratow, b# 
safoly plMiid on th® hand, b«»n»t It ©#tiitnt»lly tvslvti gas whtoh pftviinto itf ^alng 
Into actual eontael with ih# ikin, but If a pl#e« \m iqu«ii«a bttwttii Urn ftnpw, it 
duoti a Wirt frewt bito ilmllar to a burn. If thi inowllko mdid b« mlx«4 wifclt # |itP , a 
stmidiquld mass It obtaintwl, whitdi it «itiptoy««l tor artlfleW rtfrigimlloMu ttlt miilute 
may b« ussd ter liquefying many nthor fa#®««*iiuoh a« ehtorin#, nifernui oxidtot 
sulphldn, and cthtra. Tim «vapomtton of swoh a inlxtur© pvmmi3$ widi im fr^tor 
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contaia silica and thci oxides of various metal® ; amongst others* 
tho oxides of 'aluininium^ calcium^ and sodium. Water chargtxl 
with carbonic acid dissolvcm both th© kttar, transforming thorn into 
carbonates. Tho waters of tho ocean ought> a» tho ovolution of tho 
carbonic anhydndo procoenH to precipitate salts of lime ; these are 
actually found evoiywher© on tho surface of the ground in thone place® 
which previously formed th© bid of ih© ocean. The |:>re.stnu'e t»f cur* 
bonio anhydride in solution in water it ts««ntial to the noiiri«!mH‘nt 
and growth of water plantf. 

Although carbonic anhyddd© Is golublo in water, yet no^ definite 
nydrate is formed nevorthalew an idea of tho composition of thia 
hydrate may bo formed from that of tho mlts of carbonic acid, bocaimoi 
a hydrato is nothing but a mlt in which tho metal is replaced by*; 
hydrogen. An carbonio anliydrido fonwi iidtis of the compoaitiom 
KaCO^, NayOOg, HNaCOg, ttc., therefore carbonio acid ought ti> havo 
tho compoHiiion HaC/Oa-that is* It ought to contain CX)jj 4. 
Whonover thin sulmtanoo is formed, it dacompo«e® into its component] 
parts»-that ii, into wator and o&rlMJftto anhydride. T!m mid pmp§ni$M^ 
of carbonic anhydrld©^* are dtmonttra^ by It® being dirtetly ab*i 
sorbed by alkaline solutions and forming ialtt with them. In dIitliiefclon| 
from nitric, HNO|, and fimikr tnonobailo acldt which with nnivaknti 
motak (exchanging one atom for one atom of hydrogen) giv© mibi iuclii 
as those of potassium, iodium, and silver containing only one atom of tlu^ 
metal (NaNO|, AgNO|), and with bivalent rnetali (such a« calcium,, 
barium, lead) saltsoont&liiing tw*o acid grimpu— for example, CXi(N04)|,. 
Pb(NO|)|— oarbonio acid, H|CO|, i® hihmm^ that k oontfilmi twontonw 
of hydrogen in the hyir*t# or two atoms of unlvaknt itMitals in their 
salts: for example. NftaCOa !• washing lodis a normal *altj NallOO^k 
tho bicarbonate, an add salt Therefore, If be a univalent metal,, 
its carbonates in generfd are the normal carbonate and tho 

Tlic cryHtfdli»Uy»lrtttf% of WmMwwikl (Clmptwr t, Ncit« 67), In thfl 6rit 

plncn, ii only foniititi unfli’r pniwlal ooiitlitionsf ; In tho iiMiontl placo, lt» lalill 

tequirni oonflrnmtion ; nrul lu Ihti lhlr4 pkoo, Itihwiiiol with llmt liyUratd 

HaCOi whk’h ihould ocour, Jttiking iHim thw of th« wnHw. 

n It Ii emy to domonitmtB th® achi rrojwrij#** tif oarhoni® tirshy«lrl«l« hv fttklnii: a 
long tuto, oloMtl at om on*! Illlirig It with tltk guf ; a ioai-ittho k th®n with % 
solution of «.n alka.!! (for Inutanes, witlhim hydroxitk), wUlrh k then |Miur«il hiki th« long’* 
tube and th® e|Min iiml h corkwi T1»« wdulkin ii Ihiii wiill ^mktn In tii« ttibt, oaU thip, 
oorkiKl «n4 |dung«ll inki wnttr. If Ih# «rk h« a»w wlthimwn unUir Iht wwltt i 
will fill the tub#. Th§ vscmiiii filiWaail by %\m abi&ifikin ef tli« anliyirfi# bji| 

m slk&n Ii to oorortete that mm% s* iitehwf# will thwugh il. TO® 

mtthod Is oftin a|t|}|l#4 to rrnthitui a vMWim, 

** rtftioni fm 4(itlog«i«hlag %\m unb, bl-, krb, and quftdrl.mkftl wil tol 
explftkta hermftir m rsidiig frwa to# ualvftlttftl ttiWi 1# ili Wfidiril 

(Mg. Chapter IIY 
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acid may, however, be judged from the joint evidence of many properties. 
With such energetic alkalis as soda and potash, carbonic acid forms 
normal salts, soluble in water, but having an alkaline reaction and in 

composed with rlifSculty by h^t and water, whilst others, like carbonic and hypochloroua 
acids, do not combine with feeble bases, and with most of the other bases form salts which 
are easily decomposed. The same maybe said with regard to bases, among which those of 
potassium, K2O, sodium, Na^O, and barium, BaO, may serve as examples of the most 
powerful, because they combine with the most feeble apids and form a mass of salts of 
great stability, whilst as examples of the feeblest bases alumina, A1.203,or bismuth oxide, 
BijOs, may be taken, because they form salts easily decomposed by water and by heat 
if the acid be volatile. Such a ^virion of acids and bases into the feeblest and most 
X)Owerful is justified by all evidence concerning them, and is quoted in this work. But 
the teaching of this subject in certain circles has acquired .quite a new tone, which, in m/ 
opinion, cannot be accepted without certain reservations and criticism?, although it c^m* 
prises many interesting features. The fact is that Thomsen, Ostwald, and others propo^d 
to express the measure of affinity of acids to bases by figures drawn from data of the 
measure of displacement of acids in aqueous solutions, judging (1) from the amount of 
heat develo|)ed by mixing a solution of the salt with a solution of another acid (the 
nvidity of acids, according to Thomsen);^ (2) from the change of the volumes occom^' 
panying such a mutual action of solutions (Ostwald) ; (8) from the change of the 
index of refraction of solutions (Ostwald), &c, Besides this there are many other, 
(methods which allow us to form ,an opinion about the* distribution of bases among 
various acids in aqueous elutions. Some of these methods will be described' 
thereof ter. It ought, however, to be remarked that in making investigations in aqueous; 
Solutions the a&nity to water is gCneially left out of sight. If a base N, combining > 
with acids X and Y in presence of them both, divides in such a way that one?- : 
thfird of it combines with X and two-thirds with Y, a conclusion is formed that the affinity^' 
br power of forming salts, of the acid Y is twice as great as that of X. But the presence, 
•of the water is not taken into account. If the acid X has an affinity for water and for N-' 
it will.be distributed between them; and if X has a greater affinity for water than Y^' 
thou less of X will combine with N than of Y. If, in addition to this, the acid X 
capable of forming an acid salt NX3, and Y is npt, the conclusion of the relative strength ; 
Ct X and Y win be still more erroneous, because the X set free will form such a salt on 
th^ addition of Y to XOl* We shall see in Chapter X. -that when sulphuric and nitrio 
acids in weak aqueous solution just on sodium, they are distributed exactly in this way: 

' namely, one-third of the sodium combines with the sulphuric and two-thirds with the 
Iritrio acid ; but, in my opinion, this does not show that sulphuric acid, compared with 
nitric acid, possesses but half the degree of affinity for bases like soda, and only demon- 
strates the greater affinity of sulphuric acid for water compared with that* of nitrio arid. 
In this way the methods" of studying the distribution in aqueous solutions probably Only 
shows the difference of the relation of the acid to a base. and to water. 

In view' of these considerations, although the teaching of the distribution of salt- 
forming elements iii aqueous -soliiUons is an object of great and independent interest, it 
can hardly serve to determiue the measure of affinity between bases and acids. Similar 
considerations ought to bo kept in view wheni determining the energy of acids by means of 
the electrical conductivity of tJtevr weah solutions. This method, proposed by Anhenius 
(1884), and applied on an extensive' scale by Ostwald (who developed it in great detail in 
his Jjehrhuch d. allgemeinen €h^Wy.v. ii., i887), is founded on the fact that' the re- 
lation of the jso-oalled molecular eiecttioal-conductivityof weaksolutiona of venous acids 
(I) coincides wjth'the relation in which the same acids stand according to the distributioxi;' 
(JI) found by one of the above-mentioned methods, and with the relation deduced fox; 
thetri’from observations upon the velocity bf reaction; (lEC) for instance, accar6fiii^ to the] 
fate of the spUtthig up of an ethereal salt (into alcohol and acid), or from the rate of the sd- i 
inv^ioh of sugar-r-that is, its tratisformation into glacose-^-as is se^hy compsydi#^ 
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cate, CaCOa. Only the normal (not the acid) salts of snch powerful bases 
as potassium and sodium are capable of standing a red heat without 
decomposition. The acid salts — for instance, NaHGOa— decompose 
even on heating their solutions (SNaHOOa =» NajOOs + H2O + OO2), 
evolving carbonic anhydride. The amount of heat given out by the 
combination of carbonic acid with bases also shows its feeble acid 
properties, being considerably less than with energetic acids. Thus 
if a weak solution of forty grams of sodium hydroxide be satu- 
rated (up to the formation of a normal salt) with sulphuric or nitric 
acid or another powerful acid, from thiiteen to fifteen thousand 
calories are given out, but with carbonic acid only about ten thousand 
calories.*® The majority of carbonates are insoluble in water, and 
therefore such solutions as sodium, potassium, or ammonium carbonates 
form in solutions of most Other salts, MX or M"X2, insoluble pre- 
cipitates of carbonates, M2CO3 or M"003. Thus a solution of barium 
chloride gives with, sodium carbonate a precipitate of barium carbonate, 
BaCOs. reason rocks, especially those of aqueous origin, very 

often contain carbonates ; for example, calcium, ferrous, or magnesium 
carbonates, 

Carbonic anhydride — ^whioh, like water^ is formed with the develop- 
ment of a large amount of heat — ^is very stable. Only very few sub- 
stances are capable of depriving it of its oxygen. However, certain 
metals, such os ma^esium, potassium and the like, on being heated, burn 
in it, depositing carbon and forming oxides. If a mixture of carbonic 
anhydride and hydrogen be passed through a heated tube, the formation 
of water and carbonic oxide will be observed ; OO2 + =: CO + H2O. 

Although carbonic acid is reckoned among the feeble acids, yet there are evi- 
dently ma^y others- still feebler— fCx instance, prussic add, hypoohlotous acid, many 
organic acids, Bases like alnmina, or such feeble acids as silica, when in combination 

with alkalis, are decomposed in aqueous solutions by carbonio acid, but on fusion— that 
is, without the presence of water — they displace it, which clearly shows in phenomena of 
this kind how much depends upon the conditions of reaction and the properties of the 
(Buhstances formed. Tbesa relations, which at first eight appear complex, may be best 
understood if we represent that two salts, MX and NY, in general always give more or 
less of two other salts, MY and NX, and then examine the properties of the derived sub- 
etances. Thus, in eolution, sodium silicate, Na 38 i 03 , with oarhonio anhydride will to some 
extent form sodium carbonate andeUica, SiOa ; but the latter, being colloid, separates, and 
the remaining mass of sodium silicate is again decomposed hy^oarhonic anhydride, so that 
finally silica separates and sodium carbonate is formed. In a fused state the case is 
different ; sodium carbonate will react with silica to form carbonio anhydride and sodium 
silicate, but the carbonio anhydride will be separated as a gas, and therefore in the 
residue the same reaction will again take place, and ultimately the carbonio anhydride is 
entirely eliminated andl sodium silicate remains. If, on the other hand, nothing is removed 
from the Bi)here i>t tbe reaction, distribution takes place. Therefore, althong[h car^ 
bonib anhydride is a feeble acid, still not for this reason, but only in virtue of its gkseons 
form, do all soluble SiOids displace it in saline solutions {see Chapter X.) 

*5 
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But oiiTy a portion of the carhonio acid gas undergoes ohatigo* 
therefore the result will be a nqixturo of carbonic anhydride, earbonk 
oxide, hydrogen, and water,, which does not fuffer further change onder 
the action of heat.'^ Although, like wato*, carbonic anhydride to ex- 
ceedingly stable, still on being heated it partially decomposes Into car* 
bottio oxide and oxygen. Deville showed that such is the case U car- 
bonic anhydride be passed through a long tube containing pieces cJ 
porcelain and heated to 1,300®. If the products of deoompOBition-^ 
namely, the carbonic oxide and oxygen-^be suddenly cooled, they can be 
collected separately, although they partly reunite together. A similai 
decomposition of carbonic anhydride into carbonic cocido and oxygeri 
takes place on passing a seHes of eleotrio sparks through it (f.^i 
instance, in the eudiometer). Under these conditions an increaler 
■volume occurs, because two volumes of COg give two volume of OO and 
one volume of 0. The decomposition reaches a certain limit (less that 
one-third) and does not proceed further, so that the rwulfe to I 
mixture of carbonic anhydride, carbonic oxide, and oxygen, whlcl 
Is not altered in composition by the continued action of the sparks 
This is readily understood, as it to a reversible reaction. If thi 
carbonic amhydride be removed, then the mixture explode# when i 
spark is passed and forms carbonic anhydrid©^*^ If from an identioa 
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mixture the oxygen (and not the carbonic anhydride) be removed, 
and a series of sparks be again passed, the decomposition is renewed, 
and terminates with the complete dissociation of the carbonic 
anhydride. Phosphorus is used in order to effect the complete absorp- 
tion of the oxygen. In these examples we see that a definite mixture 
of changeable substances is capable of arriving at a state of stable 
equilibrium, destroyed, however, by the removal of one of the sub- 
stances composing the mixture. This is one of the instances of the 
influence of mass. 

Although carbonic anhydride is decomposed on heating, yielding 
oxygen, it is nevertheless, like water, an unchangeable substance a^' 
ordinary temperature?. Its decomposition, as effected by plants, is 
on this account all the more remarkable; in this case the whole 
of the oxygen of the carbonic anhydride is separated in the free 
state. The mechanism of this change is that the heat and light 
absorbed by the plants are expended in the decomposition of the 
carbonic anhydride. This accounts for the enormous influence of 
temperature and light on the growth of plants. But it is at present 
not clearly understood how this takes place, or by what separate in* 
termediate reactions the whole process of decomposition of carbonic 
anhydride in plants into oxygen and the carbohydrates (Note 1)'' 
remaining in them, takes place. It is known that sulphurous anhy- 
dride (in many ways resembling carbonic anhydride) under the action 
of light (and also of heat) forms sulphur and sulphuric anhydride, SOg-, 
and in the presence of water, sulphuric acid. But no similar decompo* 
sition has been obtained directly with carbonic anhydride, although it 
forms an exceedingly easily decomposable higher oxide— percarbonii? 

decreases. DevUle found that at a pressure of 1 atmosphere in the flame of carhouio 
. oxide burning in oxygen, about 40 per cent, of the CO3 is decomposed when the tempera- 
ture is about 8,000°, and at 1,600° less than 1 per cent. (Krafts) ; whilst under a pressure 
of 10 atmospheres about 84 per cent, is decomposed at 8,800° (Mallard and Le Chatelier). 
It follows therefore that, under very small pressures, the dissociation of CO.^ will be 
•considerable even at comparatively moderate temperatures, but at the temperature oi 
^jrdinary furnaces (about 1,000°) even under the small partial pressure of the carbonio 
':ecid, there are only small iraces of decomposition which may be neglected in a practical 
estimation of the combustion of fuels. We may here cite the molecular specific heat of 

{i.e. the amount of heat required, to raise 44 units of weight of CO.^ 1°), according 
to the determinations and calculations of Mallard and Le Chatelier, for a constant 
volume Cv ~ 6*20 + G-0087i ; for a constant pressure Cp «= Cv +2 {see Chapter XIV., Note 7),’ 

/ 4.e. the specific heat of COg increases rapidly with a rise of temperature : for example, at 
' 0° (per 1 port by weight), it is, at a constant pressure » 0*188, atl,000°5=0’272, at 2,000°, 

• about 0*866. A peWeotly distinct rise of the specific heat (for example, at 2,000°, 0*409), is 
j, given by a comparison of observations made by the above-mentioned investigators and by 
Berthelot and Vieille (Koumakoff). The cause of this must be looked for in dissociaiaon. 
T. M. Cheltzoff, however, considers upon the basis of his researches upon eux^losive* thaV 
it must be admitted that a maximum is reached at a certain temperature (about ib&00% 
beyond which the specific heat begins to fall. 
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acid ; and perhaps that is the reason the oxygen separates. On 
the other hand, it is known that plants always form and contain 
organic acids, and these must be regarded m derivatim of carbonio 
acid, as is seen by all their reactions, of which we will shorty ttmt. 
For this reason it might be thought that the carbonic acid absorbed by 
the plants first forms (according to Baeyer) formio aldehyde OHsO, 
and from it organic acids, and that these latter in their final traas* 
formation form all the other complex organic substances of the plants. 
Many organic acids are found in plants in considerable quantity ; for 
instance, tartaric acid, C4H60g, found in grape-juice and the acid 
juice of many plants ; malic acid, C4H(i04, found not only in unripe 
apples but in still larger quantities in mountain ash berries ; citric 
acid, CgHsOy, found in the acid juice of lemons, in goose^rri^ 
cranberries, &c. ; oxalic acid, GgH^04, found in wood-sorrel and 
many other plants. Sometimes these acids exist in a free state in the 
plants, and sometimes in the form of saJte ; for instance, tartaric add 
is met with in grapes as the salt known as cream of tartar, but in the 
impure state called argol, or tartar, O4H5KO0. In sorrel we find the 
so-called salts of sorrel, or acid potassium oxalate, C2HKO4, There h 
a very clear connection between carbonic anhydride and the abowe* 
mentioned organic acids— -namely, they all, under one condition or 
another, yield carbonic anhydride, and can all be formed by means of it 
from substances destitute of acid properties. The following examples 
aSbrd the best* demonstration of this fact : if acetlo add, CaH40|, the 
add d vinegar, be passed in the form of vapour through a heat^ tube, 
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it splits up into carbonic anhydride and marsh gas s=: CO2 + CH4. But 
conversely it can also be obtained from those components into which it 
decomposes. If one equivalent of hydrogen in marsh gas be replaced 
(by indirect means) by sodium, and the compound CHslSTa is obtained, 
this directly absorbs carbonic anhydride, forming a salt of acetic acid, 
CHgNa + CO2 = C2H3]Na02 ; from this acetic acid itself may be 
easily obtained. Thus acetic acid decomposes into marsh gas and 
carbonic anhydride, and conversely is obtainable from them. The 
hydrogen of marsh gas does not, like' that in acids, show the property 
of being directly replaced by metals ; i.e, CH4 does not show any acid 
character whatever, but on combining with the elements of carbonic 
anhydride^ it acquires the properties of- an acid. The investigation of 
all other organic acids shows similarly that their acid character depends 
on their containing the elements of carbonic anhydride. For this 
reason there is no organic acid containing less oxygen in its molecule 
than there is in carbonic anhydride ; every organic acid contains in its 
molecuie at least two atoms of oxygen. In order to express the rela- 
tion between carbonic acid, H2CO3, and organic acids, aind in order to 
. understand the reason of the acidity of these latter, it is simplest to 
turn to that law of substitution which shows (Chapter VI.) the rela- “* 
tion between the hydrogen and oxygen compounds of nitrogen, and 
permits us (Chapter VIII,) to regard all hydrocarbons as derived 
from methane. If we have a given organic compound, A, which 
has not the properties of an acid, but contains hydrogen connected 
to car)bon, as in hydrocarbons, then ACO2 will be a monobasic 
organic acid, A2CO2 a bibasic, ASCOj a tribasic, and so on — that is, 
each molecule of CO2 transforms one atom of hydrogen into that 
state in which it may be replaced by metal^ a.s in acidp. This 
furnishes a direct proof that in organic acids it is necessary to 
recognise the group HCOj, or carboxyl. If the addition of CO2 raises 
the basicity, the removal of CO2 lowers it. Thus from the bibasic 
oxalic acid, C2H2O4. or phthalic acid, CqH 604, by eliminating CO2 
(easily effected experimentally) we obtain the monobasic formic acid, 
CH2O2, or benzoic acid, C7H6O2, respectively. The nature of carboxyl 
is directly explained by the law of substitution. Judging from what 
has been stated in Chapters VI. and VIII. concerning this law, it 
is evident that CO2 is CH4 with the exchange of H4 for O2, and that 
the hydrate of carbonic anhydride, HgCOg, is CO(OH)2, that is, 
methane, in which two parts of hydrogen are replaced by two parts of 
the water radicle (OH, hydroxyl) and the other two by oxygen. 
Therefore the group CO(OH), or carboxyl, HCO2, is a part of carbonic 
acid, and is equivalent to (OH), and therefore also to H. That is, it 
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lis a umvalent residue of carbouic acid capable of replacing om atom 
of hydrogen. Carbonic acid itself is a biUisic ackl, kith Iiydrogcii 
atoms in it being replaceable by meUls, therefore eiirkixyl, wldcli cmu- 
;tains one of tho hydrogen atoms of carbonio acitl, rt?preiiei}ts a grini|i iii 
which the hydrogen ia exchangeable foT metals. And if 

1, 3 r » . n atoms of non-metallic hydrogen are exetmnged I, 2 . . » 
n times for carboxyl, wo ought to obtain k - • . * n^hmin iii-itli, 
Orgmic adds are 'the produHs of the mrhxyi mibiiiiuium iti 
hydrocarbons-^^ If in the saturated hydrocarbons, one part 

.of hydrogen is replaced by carl>oxyl, tho monobasic saturatixl (or fat ty) 
acids, OnHan+gCOall), will be obtained, as, for initarice, ftirmic iicid, 

, ITCOaHj acetic acid, CHaCOjiH, . . .stearic add, ile. 

f The double substitution will give bibasic acids, Cg^Il 2 „(C 03 iI)(C 03 ii) ; 
•for instance, oxalic acid n « 0, malonlo add n w 1, saceinio add fi s:: 3, 
'die. To benzene, OqH^, correspond benzoic add, 0§H^CO|II), philmltc 
lacid (and its isomerides), O 0 H 4 (CO 3 H)t, up to mellitic add, Og(CO|II)|» 
!in all of which the basicity is equal to the numl«r o! <»rboxjl gtmp% 
'.As many isomerides exist in hydrocarbons, it is roaclily underatcKxl not 
only that such can exist also in organic acitls, but ’that their nwmiwr 
and structure may be foreseen. This complex and nn»#it interesting 
branch of chemistry is treated separately in organio chemistry. 

Carbonic Oxide. — ^This ga^ is formed wheniver tho coinbuition ol 
(organic substances takes place in the prewnoe of a large exceti of 

10 bi* If 00a is the aahydrlde of a wsid, im*l ewboxyl wlih il, r«» 

tplsoing the hydrogen of h^rooarbont, and gi'riwg them th© otmraeter of camimraKvely 
Ifeehle acids, then 'SOj is the anhydride of aJi imerguitc hthwic w’iit, im«l 
S 03 ( 0 H), corresponds with it, being caj>abk of replacing iho hydrogmt of hydr*H’iulH»n% 
;a3id forming comparatively energetic tijtifarith {sulphinur ftc'nh); (nr ujalajn#, 

CflHa,(COOH), benzoic acid, and iHinsscncuulphnnic ac«*b aw ibiivtni frma 

As the exchange of H for methyl, is t»«juivRhn»l in lh« ^bhtion yf Ilif 
exchange of carboxyl, COOH, is equivalent to tho wlditiou «f t?Oj,j a*> Iht nf II 

for iulphoxyl is cquivident to th® addition of BOj. Th© kit&r dir«<illy, fi»i‘ 

instance i -f SOj CgH5(805,0H). 

As, according to tlie determiimllons of Thomsett, tlio heat of a«ihttilio« ^ lli* wmftmm 
.of acids RCOs is known where R is a hydrocarbon, and Iht htai of ®f iht 

hydrocarbons E themselves, it may be »jen that the foroiallim of wMii IlCOf* ffo» 
B +• 00^ is always accompanied by a malt absorption or d#v#bpm«nl ©f lieai. W# git • 
the heats of combustion in thousands of eiUori«% rtfemd to the motoonlir wtlflili of 
the substances 
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thns Ha cotresponds wiUi formic acid, CHaO* ; benwne, Ctllt, with hmm^k mk% C|iftC%* 
f he data for the latter are taken from Btohmann* and refer to Iht. solid mmMtim. ftf 
formic acid Stohmana gives the hw*t of ©ombustlon at il,0W odorlti in a liquid 
but in » state of vapour, 04'‘0 thouiaad ualto, which to much !#« ih«a accordljii to 

Uhoa^sen. 
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'inoandesceixt charcoal , the air first burns the carbon into carbonic 
anhydride, but this in penetrating through the red-hot charcoal is 
transformed into carbonic oxide, CO .2 + C = 2CO. By this reaction 
carbonic oxide is prepared by passing carbonic anhydride through char- 
coal at a red heat. It may be separated froih the excess of' carbonic 
anhydride by passing it through- a solution of alkali, which does not 
absorb carbonic oxide. This reduction of carbonic anhydride explains 
why carbonic oxid6 is formed in ordinary clear fires, where the incoming 
air passes over a large surface of heated coal. A blue flame is then 
observed burning above the coal ; this is the burning carbonic oxide. 
When charcoal is burnt in stacks, or when a thick layer of coal i? 
burning in a brazier, and under many similar circumstances, carbonic 
oxide is also formed- In metallurgical processes, for instance when 
iron is smelted from the ore, very often the same process of conversion 
of carbonic anhydride into carbonic oxide occurs, especially if the 
combustion of the coal- be efiected in high, so-called blast, furnaces and 
ovens, where the air enters at the lower part and. is compelled to pass 
through a thick layer of incandescent coaL In this way, also, com- 
bustion with flame may be obtained from those kinds of fuel which 
under ordinary conditions bum' without flame : for instance, anthracite^ 
coke, charcoal. Heating by means 
of a gas-producer — that is, an 
apparatus producing combustible 
carbonic oxide from fuel — is 
carried on in the same manner.*® 

In transforming one part of char- 

In gas-producers all carbonaceous 
fuels are transformed into inflammable 
gas. In those which (on account of their 
slight density and large amount of water, 
or incombustible admixtures which ab- 
sorb heat) are not as capable of giving a 
high temperature in ordinary furnaces— 
for instance, fir cones, peat, the lowei 
kinds of coal, &c. — the same gas is ob- 
tained as with the best kinds of coal, 
because the water condenses on cooling, 
and the ashes and earthy matter remain 
in the gas-producer. The construction 
of a gas-producer is seen from the ao 
companyiug drawing. The fuel lies on 
the fire-bars O, the air enters through 
them and the ash-hole (drawn by the 
draught of the chimney of the stove where 
the gas bums, or else forced by a blowing apparatus), the quantity of air beipg exactly 
regulated by means of votvea The gasis formed are then led by the^Attbe V; provided 



Fio.63. — Gas-producer for the formation of carbon 
monoxide for heating purposes. 
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coal into carbonic oxide 2,420 heat units are given out, and on burning to 
carbonic anhydride 8,080 heat units. It is evident that on transforming 
the charcoal first into carbonic oxido wo obtain a giis whirli in imrning 
is capable of giving out 5,660 heat units for one part of rharcoal. Thin 
preparatory transformation of fuel into carbonic oxide, or produei<r 
gas containing a mixture of carbonic oxido (aliout liy volume) and 
nitrogen volume), in many cases presents most ini|XU'tant advantages, 
as it is easy to completely burn gaseous fuel without an exc«j« of air, 
which would lower the temperature." In stoves where solid fuel i» 
burnt it is iiupossiblc to offcct the complete combustieu of the various 
kinds of fuel without admitting an cxceas of air. ( iamswa fuel, nuch as 
carbonic oxido, is easily completely mixerl with air and burnt without 
excess of it. If, in addition to this, the air ami gas retiuinnl for tho 
combustion be previously heated by meww of tho hwvt which would 
otherwise be uselessly carried off in the producte of combrnttion^smoke)** 
it is easy to reach a luigh tatnperatnro, so high (about 1,8W) that 
platinum may bo melted. Such an arrangement is known as a rtgitm- 
rative j/hmace.^* By meant of this process not only may the high 
temperatures indispousablo in many industries Is) ohtaiiKHl (for in«tain-»>, 

with ft valve, into'tU© g«w main tJ. Th© ftdttlitlon of ftiol oiighi t«* in mwh » m»f 

ftg to prevent tlio genirfttod gft® ^ioftping ; b©n©« iipi» k h hep! Illferl wilti li» 
buitible mattrlftl and <mm%d with % lid. 

*0 An ©xotM of &Sx hwrort tho lojipeiffttnrt of oimtetHoa, II Immmm* liwfcM 

ItftoU, m © 3 ^Wn®a in Ohftptor XIX. In ordinitry fwirnei* Hw mmm of tlf l« of 
four iimfts grtfttot the quantity riqnlrod lor oomhttsfelon. In Iho l»«il 

fnTOftoes (with wfoktod ait «nppty, and «»rr«s|wf»4ing ilm«ghl| It It 

noo®B»ftry to introdno® iwkoM'nanoh ftlr ft® li nijeeumry, ihti 

much cfti’bonlo oxide. 

If in Mftnufftctorii® it i« nao©Mf«i.ry, for iiiititn©**, iti iHnintuin i\m t,fii!ippr»l»»r»» tn ft 
furnace at 1,000®, 'the flame pweea out at thin or a luihfr t«tii>|wri4tiir*'» mk4 ihmrrnUm 
muoh fuel is loit in ^e smoke. For tho draught of t]»i ft *4 

to 160® li iuffleient, and therefore the remaining h#*t ought W l»i For ibis 

purpose the flues are earried nadwr boilers or otto Tl» 

beftting of the dr is the bwt mtftas of nyh&ftUon wh*® % b%hl#«p«»liiif« {m 

Note 2^). 

** Btg«a«pfttive furnftoet wwe iotrdlnoed by Ihti Stowtfti ®tot ^ yf*# 

1800 hft ladnstaiti, wad mark a »»t lir»porti«l pK)|r*^ in Bit um «f fmd^ ••pft* 
oia% Ip oMdning high t«»p#»4ur#i. The pfinol|i|o i« m foUowi ; Tl» imduDi# ol 
oomhmBon ttam fumaoi led Into ft chamber, I, ftnd beat up the brl«ki in lb and 
then pass Into outlet ftuei when the brieki are al a rt4 beat the prwtiiifilf of mm» 
hustion are patted (by edtering the valves) into Mtothtr adjuinli^ chainkif, II, mml etr 
irequiiite for the oembnetion of the gent rater gaeoi h pw#d tiurongh I. In iwMliig rontid 
p,bout the ineandesoent bricks til® air ii hentitd, and lh« bflclo* are l«, Ihe 

lieat of the smoke it returned into the furnai^e. The air li then paemwl lliroiigh II, ainl llio 
tmok© through I The rfgineratlv© burner® for illutitliiallni gas «« on thi# 

earn© prlnoipl©, the produets of combuitlon hii&l Bw Incomlnf ak will gat, Bit 
tore in higher, the light brighter, and an economy of gai It «t«ot©d. Abwlulw imdmlim 
In these appllanee? Ib^, of course, not yel hmn attained j further ti 

stiUvj^oeeible, but dissodatiop ImpotM a limit becatM at a coiialn high temperaluft 
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glass- working, steel-melting, &a), but great advantage also^^ is gained 
as regards the quantity of fuel, because the transmission of heat to the 
object to be heated, other conditions being equal, is determined by the 
difference of temperatures. 

Tlie transformation of carbonic anhydride, by means of charcoal, 
into carbonic oxide (C + CO 2 = 00 -f- CO) is considered a reversible 
reaction, because at a high temperature the carbonic oxide splits up 
into carbon and carbonic anhydride, as Sainte-Olaire Deville showed by 
using the method of the * cold and hot tube.* Inside a tube heated in 
a furnace another thin metallic (silvered copper) tube is fitted, through 
which a constant stream of cold water flows. The carbonic oxide 
coming into contact with the heated walls of the exterior tube forms 
charcoal, and its minute particles settle in the form of lampblack on 
the lower side of the cold tube, and, since they are cooled, do not 
act further on the oxygen or carbonic anhydride formed. A series 

combinations do nob ensue, possible temperatures being limited by reverse reactions. 
Here, as in a number of other cases, the further investigation of the matter must prove 
X)f direct value from a practical point of view 

At first sight it appears absurd, useless, and paradoxical to loss nearly one-third of the 
heat wluch fuel can develop, by turning it into gas. Actually the advantage is enormous, 
especially for*producing high temperatures, as is already seen from the facj that fuels rich 
in oxygen (for instance, wood) when damp are nnable, with any kind of hearth whatever, to 
give the temperature required for glass-melting or steel-casting, whilst in the gas-producer 
they furnish exactly the same gas as the driest and most carbonaceous fuel. In order to 
understand the principle which is here involved, it is sufiBcient to remember that a largo 
amount of heat, but having a low temperature, is in many cases of no use whatever. "Wo 
are unable here to enter into all the details of the complicated matter of the application 
of fuel, and further particulars must be sought for in special technical treatises. The 
following footnotes, however, contain certain fundamental figures for calculations con- 
cerning combustion. 

^ The first product of combustion of charcoal is cdways carbonic anhydride, and not 
carbonic oxide. This is seen from the fact that with a shallow layer of charcoal (less 
than a decimetre if the charcoal be closely packed) carbonic oxide is not formed at all. 
It is not even produced with a deep layer of charcoal if the temperature is not above 500®, 
and the current of air or oxygen is very slow. With a rapid current of air the charcoal 
becomes red-hot, and the temperature rises, and then carbonic oxide appears (Lang 1888). 
Ernst (1891) found that below 995® carbonic oxide is always accompanied by COg, and 
that the formation of CO3 begins about 400®. Naumann and Pistor determined that the 
reaction of carbonic anhydride with carbon commences at about 650®, and that between 
water and carbon at about 500®. At the latter temperature carbonic anhydride is formed, 
and only with a rise of temperature is carbonic oxide formed (Lang) from the action of 
the carbonic anhydride on the carbon, and from the reaction CO.> + H2 = CO •+■ H2O. 
Eathke (1881) showed that at no temperature whatever is the reaction as expressed by the 
equation C02+Csa2C02, complete; a part of the carbonic anhydride remains, and Lang 
determined that at about 1,000° not less than 8 p.c. of the carbonic anhydride remains 
untransfonned into carbonic oxide, even after the action has been continued for several 
hours. The endothermal reactions, C-h2H20=!C02+2H2, and C0 -hH 20=C02-1-H2, 
are just as incomplete. This is made clear if we note that on the one hand the 
above-mentioned reactions are all reversible, and therefore bounded by a limit ; and, on 
the other hand, that at about 500® oxygen begins to combine with hydrogen and carbon. 
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of electric sparks also decomtposes carlx>nic oxide into carlK»ni€ ankyclrid© 
and carbon, and if the carbonic anfijdridii 1)0 nnnovod by alkali com- 
plete decomposition may l)0 obteinml (Daviile).'^^ Afiucoua vii|H>ar, 
which is so similar to carbonic anhydride in many nBjwctu, ftct», at % 
high tem|)€raturo, on charcoal in an exactly similar way, C -b JLp 
cs Ha -h CO. From 2 volumes of carl>oni<i anhydride witli cliarctiiil 
4 volumes of carbonic oxide (2 mbk'Hjulci) are cibtJMiietl, anti 
precisely the same from 2 volumes of water va|s»ur with cliartn^al 
4 volumes of a gas consisting of hydrogen and CRrlmnic oxkiti (Ilg + VCi) 
arc formed. This mixture of combustihla gam« is calltHl wvilcr 

and iU»o that the lower liuuU of ditigofiatbu of water, tmrkjiuo anhydndo, anti OftrlMjiuo 
oxido lit) noar ono anotlua* hotwoon MK.r* and BV»r and citfUniiit the 

lowcsr limit of tiro co)u«aoiK*4smi*nt of tliiiiooiatitm m mikmmn, but jndgifii fn^iti 1I10 |m!»- 
Hsliod data (according to I#e ClinkiUtir, IH«S) that of cmrlKuiki anhytlrliln iii»| 1^ lak* 
aft about 1,050®. Evan at alwnt SOO® half thii mrlMiiiif! anhytlrklo if ilwi 

piviftsnre bo amall, about 0*001 atmosphere At ilio atmoinlwrlc iirvmuw, util tiioro than 
0*03 p.c. of tb® oarlvonie anbydridt diwompoaoi. Tbt rmton of iUa infltwrieii of ptwmum 
is boro evidently that the splitting up of earlionic anbydridii Into earWnio oxide, and oxygen 
ig accompivnied by an inereaHc In volurnis (aa in ilie mm} of tlw^ dli®»t5klkiii of tntrio 
peroxide. See Chaptor VI., Noki 46). At* in atovoii and lainpa. and with t»«|»hitlvfi 
ftabataneea, the knupovaUirti it* not higher than il/MM)" t« k ittofidrnl ilwk although 

the paitial ytrenpura of carbonic anhydride ia runaU, iitill itii iMiitioi lior«5 bt 

ooniidorable, »u)d probably diwH not cxmaid 5 p.e. 

Bewdcft which L. Mond (IHIHI) ahowod tlial th« |Ktwder of fr«»*ildy rudueodi 
metallic nickel (obtained by boating the oxide to ki a aireaHi of byclrii||®n) i« ablii, 

when bmttd even to S80®, to oompktely docompow eatiwilc oxide into CC>,| niitl mrbfifii, 
which remains with the nickel and k easily reinovetl jtroa il by in a ttewMiii trf 

air. Here ^CO«CO.j+C. It ihouM b« remartei lhal hiiat inewlteil in ili» 

(Note ^6), and therefore that Influeiicii of * contact * n»y lit»re |>ky a imrt. 

this reaction mwit b© claii®d among tins nnmt rtimarkabk knkaneoi of tho milmnwtn^ 

contact, eilsccifldly m mataltt amdogouti to Ni (F« anti C*o) do not ilwi* 

(i§e Chapter 11, Note 17). 

A molecular weight of this gaw, <tr g vtjluinen CO pin graiiw), rm iitmilinatkm 
(forming CO.j) gives out Ub,lHl0 heat unitn (Thomatm b7*iKU) r»hn‘w«). A molmmlaf wnghl 
of hydrogen, llj (or ‘i volnmea), develops on burning iniu liynnf w«i|iir hmi %nntM 

(according to Tlioiuftcn Ca,iK>0), but if it forma a«:|iu««i v»|»nr h#*! Char^ 

ooaJ, resolving it>*elf by combustion into the midimmlftf iiitatiiily «f CO3 ft 
developi 07,000 heat units. From the «Ma fumliliwl by then® axcitlmnaal i^wtl«ia ^ 
foUowft; (1) that the oxidation 0! clnmxiai Into mrlKinie oxide davidop li«al uiiliai 
(2) that reaction C C0^»%€0 uh$orM 89,000 li«al iink«; (8| C i II|C> ^ 11^ <• C0 
aisorb^ (Kthe water be in a ttat® ol va^iour) aalori««, Imi if tlwi water b« In|tii4 
40,000 cidorles (almoat m much ai C + GOa); (4) C+ il.|0*C03 4 tll-| ^lAwirlii fif tli^ 
water be in a ftate of vapour) 19,000 heat unite; (1) ptaetbn CO + llaO'-^COf * 11^ 
iUvelup$ 10,000 Imt units if Uii water bo in the atate of ¥a|wtir ; aim! (ft| ilw ii«?4w#i|)«wil* 
tion expressed by the ©cination SCO ■€ 1*003 (Note 34 bis) li ac«J!np.ii'l#fl by lli« 
iion of 80,000 units of heat. 

Hence it followi that 2 volumes of CO or III bttriilng tnto OOg m 11*0 lievalijp 
almoftt the tame amount of heat, Just m alto Hm hitat #SiCte eurfMpmdtof with tlia 
eq^uations 

O + HaO-OOi-iit 

€+CCk*CO+CO 

are nearly crqual. 
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But fM|ucous vapour (iiud only when strongly superlioatotl, othorwiie 
it cook tins charcoal) only aotii on charooal to form a largo anmunt of 
oarbouic oxide at a very high temperature (at which carbonic anliydrido 
dissociatoi) ; it l>ogins to react at about bOO®, forming carbonic 
anhydritia according to the ccjufttiou C 4* 2IIaO a COg + Bctldet 

thi% carbonic oxMc on splitting up forms carbonic anhydride, imd 
thcrcfoni water gas always contains a mixture in whidi hydrogen 
prcdomiimtes, the wlumo of carbonic oxide being comparatively less, 

*9 IRFa^fr obltlMd from tto&m «ua4 oliiUNml at s white h#al, eoateltti about &0 p.o» 
ol hfflrc^ta, atmal 40 p-o. of mrboaio oxid®, about 6 pto. of earhoaio wahyUridt, the 
fwaaittdw btiitf alteogea from th© olmrooiU air. Cmapiwdi with produetr f §*, which 

eontnitts much aite<^ii, this is a gas mmh ti&lmt in oombuitibte matter, «id thtrofora 
<»pk,bte of giving higin tem|H.>ratwros, and is for this roason of the groatest utility. If «uf* 
bcml© Wihydrido could bti as rt>atiily obtaiaodi m m |mroa state ai water, thin CO might be 
pr«| whI dirwtly from COn f C, and in that case the utUisatiau of tlio hmt of tbc carbon 
woubl bo the mnw an in water gaa, lK»causo CO evolves as much Iicat as ll.,, and oven mor© 
If the temix^rnture of Iho amoke Ihi over 100’, and tlie water remains in the fonu of vaptsur 
(Nt»te sr»). But priKlucor gas contains a large proportion of nitrogen, so that its effective 
temiwrature is tedow that given by water ga« j Umroforo in place# whtra a particularly 
high t 4 nn|>uratnr# is rec|uir©d (for lustane©, for lighting by meaut of inoandMoeut llmi or 
maguiiia, or for steal ^liuf » &o.}} and whtfo teui gaa ho Miily diilrihuted through 
pip©#, water gw ii at prtMnt hUd In high ^Umalion, hut whM (lu ordinary fumaot#, 
fodmllof, glaifrmottitif , and ntkm fumaott) a vary high temptraturt k not rt^ulrtd, 
and them is no n®«d te convoy the gaa In pipaa, pr^uoor gat k gontrally |«f®f#rr©d on 
acwmnt of the aimplicity of its preparation, o«p#cially as for water gas iuch a high 
tein|wmture is rofjuirod Umt the plaiit smm laxsomes damaged. 

There are tiumenms systems for making water gas, but the Amerioau patent of T. Lows 
m gimorally umd. The gas is prtipar«sl in a cylindrical generaUjr, into which hot air i« 
4»tealo©«l, in or<ter te raiio tim c-oke in it te a white heat. Tiu» prmlucts of combuition 
Wttteiiilng earbonio oxido are utih«o«l for so|*erheating steam, which it then patitd 
mm white hot Water gM, or a mktnrs of hydrogen md carbonio oxide, It 

Water gai k oaBad bsoauno It is applieabl® to aU 

purpoM, dovolopi a high tempmtuM, and k avadablo, not only for domottio 

and IndoitrW usot, but also for gas-motera and for lighting. For too latl« puj^oi© 
platinum, time, inagiiesia, xirconia, and similar iulmtanmii (as in thfi l^ummoftd Hfhl, 
Chapter III.), are renderwl incamtemsimt in- the flame, or ols# tho pn {« oarlprfti##— 
that in, nuxeti with the vainmrs t»f volatile hytlrtwarbtms (pnertlly btaion® or naphtha, 
imphthidene, or eituply naphUia gas), which commuincate tt* the |m.le fliuuo of carbordo 
oxide aiul by do »gim a great brilUaiicy, owing te Uio Idgb temp«iraturo devebuKitl bydho 
combuition of iltii inuiduiwltums ga««. A# water gas, jMewmsing thew! may 

ho prepartHi at wnfcml works and cimveyod in pi|ma b» the comsuiuers, and a# it may ho 
p-tMintwl from any kind of fuel, and ought te Im much eheajHU than ordinary gai, it may 
m a itmtter of fwit lai ex.|Haiti.Hl tliat in muirao of time (when es|H»rienoii dtall have doter* 
Ciliwl too chi«|»e»t and lawt way te prepare it) it will not only ordiiiMy g«i, but 

wCU willt adviuitege overywlutre rtplwsii the«»rdiniu7 forma of fuiil, whioh in many irtii|Miclf 
urt liiftittfonkial. Al present ila ooniumplimi^sproads )|u4ncl|»ally lor lighting puriawtii, 
ted for ttiii in gaS’CSibnos inahiad of onlinary illumlnatini gas. In »mi et*i« Dowion 
ft# w It* prmlnmri. Tide is a mixture of water wid prtKittwr g^m§ obtolaod 

hy iteaiii into ai* ortlluixy protlucwr (Note l»), whet* iho tempraluw of tot 

ha# hwouM tuffioltnUy high lot tot paatUon C i' U§Q « CO *1 Ilf* 
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whilst the- amount 'of carbonic ‘anhyclriclo increases m the 
of the reaction decreases (generally it is more than 3 per cent.) 

Metals like iron and zinc which at a reni hemt Are cif 

decomposing water with the formation of hydrogaii, aImo clceoni|>oa« 
©arbonio anliiydrido with tho formation of mrl^onic ox id© ; m) kith 
the ordinary products of comploto oombuation, water and mrtioiiic 
anhydride, are very similar in their reactions, and we simll tli©rt;"for« 
presently compare hydrogen and carlionic oxide. The metiillio oxidea 
of tho above-mentioned metals, wlien reduciHl liy cluircoiil, ti]m give 
carbonic oxide. Pnestlcy obtaiiuxl it by heating cliarciwi! with ziiw 
oxide. As free carbonic anhydride may bo traniformed itilo ciirkiiiio 
oxide, BO, in precisely tho same way, may that cMrlmm add w|iit!h it 
in a state of combination ; hence, if magnesium or barium ciirk>- 
nates (MgOO^ or BaCO^) be heated to roflncw with charc?oiil, or trciii 
or zinc, carbonic oxide will be product— for instance, it is obtaiiiotl liy 
heating an intimate mixture of 0 parti of chalk and 1 piri of eliarcoal 
in a clay retort. 

Many organic substances on being heatetl, or under tho mtlmi of 
various agents, yield carbonic oxide ; amcingat thtme ar© many organic 
or carboxylic acids. The simplest are formic and oxalic iioick, Formlo 
acid, OHaOa, on being heated to 200% easily ckcom|)OM» into carbonic 
oxide and water, OHaOa m&OO + HjO.^ Usually, however, mr- 
bonio O'Xide is prepared in laborateri«i, not from foraile but from owJlio 
acid, O2H2O4, the more so as fortolo add li Itself pr€»|mreJ from oxallo 
acid. Tho latter add is eadly obtained by the action of nltm add m% 
starch, sugar, &o. ; it is also found in nature. Oxalic acid m imdiy 
decomposed by heat , its crystals first lose water, tlmn |iiirtly vxiktiliaii 
but the greater part is decomposed. Tho deoom|HMiticin li of th§ 
following nature it splits up into water, carbonic oxide, and 
anhydride,^® O2H3O4 ea HgO 4* CO| 4 CO* THi dwoisQ|M^tloa !• 
generally practically ©ffeoted by mlxbg oxidio add wiii *|iro«f tml- 

^ m yiUow K 4 FtO|K«,o)ft tetog hmM with tea |»fta #f 

stUphuiic add fwmt a caosldeubte quaaUfey mty par® carbwao ailiJb «itiil*i If#® kmm 
carbonic anhydride.. 

•» ‘I. To perfom tUi motioD, the tonalo «o!4 U mheea {««»«*» 

heMied alone it voletOieee much below it* temj)er»tuK> of fleof.mi*»itiwB. Whon hmlod 

with anlphiwio aold th® galti of fomio arid yield oarbonie oxltlo. 

The dioomp’osition of formlo wid oxalio aoids, with liw fortitallon of cwrkrttlo oiiita, 
“ wboxyl dorivAtivoi, may b« oipklttwl m MUm$ t 
is H(COOE) and tho second (C00H}8, or whlA on« or bt 4 b liidvim of ili# bytlrnt*® 
^0 exchanged for carboxyl ; ^wforo they m m^mX lo Ibi + C0t «d ll| I* SCC^ i hm 
Ha reacts with OO 9 , m hat b#^ iteted abwo, fwwtof CO mvX If#. From iljis It l« 
evident that oxalic arid on lodng CCh forma formlo tad that lb# ktiwr nmf 
proceed from CO+H^O, as we thaH see farthiaf <m» 
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phuric add, because the latter assists the decomposition by taking up 
the "water. On heating a mixture of oxalic and sulphuric acids a 
mixture of carbonic oxide and carbonic anhydride is evolved. This 
mixture is passed through a solution of an alkali in order to absorb 
the carbonic anhydride, whilst the carbonic oxide passes on.^® 

In its physical 'p^of&rties carbonic oxide resembles nitrogen ; this 
is explained by the equality of their molecular weights. The absence 
of colour and smell, the low temperature of the absolute boiling point, 
— 140® (nitrogen, — 146®), the property of solidifying- at — 200® 
(nitrogen, — 202® J, the boiling point of — 190® (nitrogen, —203®), 
and the slight solubility (Chapter I., ITote 30), of carbonic oxide are 
almost the same as in those of nitrogen. The chemical properties of 
both gases are, however, very different, and in these carbonic oxide 
resembles hydrogen. Carbonic oxide bums with a blue flame, giving 
2 volumes of carbonic anhydride from 2 volumes of carbonic oxide, just 
as 2 volumes of hydrogen give 2 volumes of aqueous vapour. It 
explodes with oxygen, in the eudiometer, like hydrogen. When 
breathed it acts as a strong poison, being absorbed by the blood ; 
this explains the action of charcoal fumes, the products of the 

28 bis Greshofl (1888) showed that with a solution of nitrate of silver, iodoform, CHIs, 
forms CO according to the equation CHIj+SAgNOs+HaOsSAgl + SHNOs+CO. The 
reaction is immediate and is complete. 

It is remarkable that, according to the investigations of Dixon, perfectly dry 
carbonic oxide does not explode with oxygen when a spark of low intensity is used, but 
an explosion takes place if there is the slightest admixture of moisture. L. Meyer, 
however, showed that sparks of an electric discharge of considerable intensity produce 
an explosion. N. N. Beketoff demonstrated that combustion proceeds and spreada 
slowly unless there, be perfect dryness. I think that this may be explained by the fact 
that water with carbonic oxide gives carbonic anhydride and hydrogen, but hydrogen 
with oxygen gives hydrogen peroxide (Chapter VIL), which with carbonic oxide forms 
carbonic anhydride and water. The water, therefore, is renewed, and again serves the 
same purpose. But it may be that here it is necessary to acknowledge a simple contact 
influence. After Dixon had shown the influence of traces of moisture upon the reaction 
CO + 0, many researches were made of a similar nature. The fullest investigation into 
the influence of moisture upon the course of many chemical reactions was made by Baker 
in 1894. He showed that with perfect dryness, many chemical transformations (for 
example, the formation of ozone from oxygen, the decomposition of AgO, KCIO 3 under 
the action of heat, &c.) proceeds in exactly the same manner as in tiie presence of 
moisture ; but that in many causes traces of moisture have an evident influence. We may 
mention the following instances : ( 1 ) Dry SOj does not act upon dry CaO or CuO ; ( 2 ) 
perfectly dry sal-ammoniac does not give NH 3 with dry CaO, hut simply volatilises ; ( 8 ) 
dry NO and 0 do not react ; (4) perfectly dry NH 3 and HCl do not combine ; ( 6 ) perfectly 
dry sal-ammoniac does not dissociate at 850® (Chapter VIL, Note 16 bis) ; and ( 6 ) perfecfly 
dry chlorine does not act upon metals, &o. 

50 Carbonic oxide is very rapid in its action, because it is absorbed by the blood in 
Ihe same way as oxygen. In addition to this, the absorption spectrum of the blood 
changes so that by the help of blood it is easy to detect the slightest, traces of carbonic 
oidde in the air. M. A. Eaponstin found that linseed oil and therefore oil paints, are 
capable of giving o3 carbonic oxide while drying (absorbing oifygen). 
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Incomplete combustion of <Jliarcoal and other carbonaceous fuels. 
Ovv-ing to its faculty of combining with oxygen, carbonic oxide acts as 
a powerful reducing agent, taking up the oxygen from many compounds 
at a red heat, and being itself transformed into carbonic anhydride. 
The reducing action of carbonic oxide, however, is (like that of hydro- 
gen, Chapter II.) naturally confined to those oxides which easily part 
with their oxygen — as, for instance, copper oxide— whilst the oxides 
of magnesium or potassium are not reduced. Metallic iron itself is 
capable of reducing carbonic anhydride to carbonic oxide, just as it 
liberates the hydrogen from water. Copper, which does not decompose 
water, does not decompose carbonic oxide. If a platinum wire heated 
to SOO'^, or spongy platinum at the ordinary temperature, be plmiged 
into a mixture of carbonic oxide and oxygen, or of hydrogen and 
oxygen, the mixture explodes. These reactions are very similar to 
those peculiar to hydrogen. The following important distinction, 
however, exists between them — namely : the molecule of hydrogen is 
composed of H2, a group of elements divisible into two like parts, 
whilst, as the molecule of carbonic oxide, CO, contains unlike atoms of 
carbon and 02^gen, in none of its reactions of combination can it give 
two molecules of matter containing its elements. This is particularly 
.noticeable in the action of chlorine on hydrogen and on carbonic oxide 
respectively ; with the former chlorine forms hydrogen chloride, and 
with the latter it produces the so-called carhonyl chloride, COCI2 ^ 
that is to 'sayi the molecule of hydrogen, Hg, under the action of 
^ chlorine divides, forming two molecules of hydrochloric acid, whilst the 
molecule of carbonic oxide enters in its entirety into the molecule of car- 
bonyl chloride. This characterises the so-called diatomic or bivalent re* 
actions of radicles or residues. H is a monatomic residue or radicle, 
like El, Cl, and others, whilst carbonic oxide, CO, is an indivisible (un- 
decomposable) bivalent radicle, equivalent tO H2 and hot to H, and 
therefore combining with X2 and interchangeable with H2. This 
distinction is evident from the annexed comparison . 


HH, hydrogen. 

HCl, hydrochloric acid4 
HKO, potash. 
iDsrH2, ammonia. . 
HCH3, methane, 

HHO, water. 


CO, carbonic oxide. 

COCI2, carbonyl chloride. 
C0(K0)2, potassium carbonate. 
CO(]SrH2)2, urea. 

C0(CH3)2, acetone. 

C0(H0)2, carbonic acid. 


Such monatomic (univalent) residues, X, as H, Cl, Na,X02, IIH4, 
CH3, CO2H (carboxyl), OH, and others, in accordance with the law 
of substitution, combine together, forming compounds, XX' , and with 
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oxygen, or in general with diatomic (bivalent) residnes, Y~£or instance, 
O, CO, OH 2, S, Caj &c. forming compounds XX' Y ; but diatomic 
residues, Y, sometimes capable of existing separately may combine 
together, forming YY' and with Xg or XX', as we see from the transi- 
tion of CO into CO2 and COCI2. This combining power of cprbonio 
oxide appears in many of its reactions. Thus it is very easily ab* 
•sorbed by cuprous chloride, CuCl, dissolved in fuming hydrochloric 
acid, forming a crystalline compound, C0Cu2Cl2,2H2O, decomposable 
by water ; it combines directly with potassium (at 90 °), forming 
(KCO),, with platinum dichloride, PtCl2, with chlorine, CI2, &c. 

But the most remarkable compounds are ( 1 ) the compound of GO 
with metallic nickel, a colourless volatile liquid;^ Xi(CO)4, obtained by 
L. Mond (described in Chapter XXII.) and ( 2 ) the compounds of cars 
bonic oxide with the alkalis, for instance with potassium or barium 
hydroxide, &c, — although it is not directly absorbed by them, as it has 
no acid properties. Berthelot ( 1861 ) showed that po'tash in the presence 
of water is capable of absorbing carbonic oxide, but the absorption 
takes place slowly, little by little, and it is only after being heated 
for many hours that the whole of the carbonic oxide is absorbed by 
the potash. The salt CHKO2 is obtained by this absorption ; it cor- 
responds with an acid found in nature—namely, the simplest organic 
(carboxylic) acid,ybrwwc acid, CH2O2. It can be extracted from the 
potassium salt by means of distillation with dilute sulphuric acid, 
just as nitric acid is prepared from sodium nitrate. The same acid 
is found in ants and in nettles (when the stings of the nettles puncture 
the skin they break, and the corrosive formic acid enters into the 
body) ; it is also obtained during the action of oxidising agents on many 
organic substances ; it is formed from oxalic acid, and under many 
conditions splits up into carbonic oxide and water. In the formation 
of formic acid from carbonic oxide we observe an example of the 
eynjuhosis of organic compounds, such as are now very numerous, and 
are treated of in detail in works on organic chemistry. 

Formic acid, H(CH 02 ), carbonic acid, H 0 (CHO 2 ), and oxalic acid, 
(CH02)2, are the simple organic or carboxylic acids, Il(0HO2) cor- 

The molecule of metallic potassium (Scott, 1887), like that of mercury, contains only 
one atom, and it is probably in virtue of this that the molecules CO and K combine together. 
But as in the majority of cases potassium aots as a univalent radicle, the polymeride 
K 2 C 2 O 2 is formed, and probably KioCiqOio, ' because products containing Cjo are formed 
by the action of hydrochloric acid. The block mass formed by the combination of 
carbonic oxide with potassium explodes with great ease, and oxidises in the air. Although 
Brodie, Lerch, and Joannis (who obtained it in 1878 in a colourless form by means of 
NHgK, described in Chapter VI., Note 14) have greatly extended our knowledge of this 
compoimd, much still remains unexplained. It probably exists in vai’ious polymeric and 
isomeric forms, having the composition (KCO)ji and (NaCO)/j. 
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responding with HH and HOH. Commencing with carbonic oxide, CO, 
the formation of carboxylic acids is clearly seen from the fact that CO is 
capable of combining with X2, that is of forming COX 2. If, for instance, 
one X is an aqueous residue, OH (hydroxyl), and the other X is hydrogen, 
then the simplest organic acid — formic acid, H(COOH) — is obtained. 
As all hydrocarbons (Chapter VTII.) correspond with the simplest, CH4, 
so all organic acids may be considered to proceed from formic acid. 

In a similar way it is easy to explain the relation to. other com-» 
pounds of carbon of those compounds which contain nitrogen. By 
way of an example, we will take one of the carboxyl acids, It(C02H), 
where E is a hydrocarbon radicle (residue). Such an acid, like all 
others, will give by combination with NH3 an ammoniacal salt, 
B(C02XH4). This salt contains the elements for the formation of two 
molecules of water, and under suitable conditions by the action of 
bodies capable of taking it up, water may in fact be separated from 
R(C02NH4), forming by the loss of one molecule of water, amides^ 
RCOHH2, and by the loss of two molecules of water, nitriles^ RCN, 
otherwise known as cyanogen compounds or cyanides?^ If all the 
carboxyl acids are united not only by many common reactions but 
also by a mutual conversion into each other (an instance of which 
we saw above in the conversion of oxalic acid into formic and carbonic 
acids) one would expect the same for all tho cyanogen compounds also. 
The common character of. their reactions, and the reciprocity of their 
transformation, were long ago observed by Gay-Lussac, who recog- 
nised a common group or radicle (residue) cyanogen, ON", in all of 
them. The simplest compounds Bxehydrocyomc ov prussic acidf HCN, 
cyanic acid, OHCN, and free cyanogen, (C]Sr)2, which correspond to the 
three simplest carboxyl acids : formic, HCOgH, carbonic, OHICO2H, 
and oxalic, (C02H)2. Cyanogen^ like carboxyl, is evidently a mon- 
atomic residue and acid, similar to chlorine. As regards the amides 
RC0XH2> corresponding to the carboxyl acids# they contain the 
ammoniacal residue NSg, and form a numerous class of organic com- 
pounds met with in nature and obtained in many ways,^^ but not 

^ The o(>miection. of the cyanogen compounds with the rest of the hydrocarbons by 
means of carboxyl was miunciated by me, about the year 1860, at the first Annual Meeting 
of the Eussian Naturalists. 

33 Thus, for instance, oxcmidct or the amide of oxaKc acid, (CNHaOla, is obtained in 
the form of an insolnble precipitate on adding a solution of ammonia to an alcohotUo 
solution of ethyl oxalate, (C 02 C 2 H 5 ) 3 , which is formed by the action of oxalic acid oU 
alcohol: (CH02)2+2(CaB[5)0H=2H0H+<C02C2H5)2. As the nearest derivatives of 
ammonia, the amides treated with alkalis yield ammonia and form the salt of the acid. 
The nitriles do not, however, give similar reactions so readily. The majority of amides 
corresponding to acids have a composition BNHa, therefore recombine with water with 
g^t ease even when simply boiled with it, and with still greater facility in presence of 
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distinguished by such characteristic peculiarities os the cyanogen com- 
pounds. 

The reactions and properties of the amides and nitriles of the 
organic acids are described in detail in books on organic chemistry ; we 
will here only touch upon the simplest of them, and to clearly explain 
the derivative compounds will first consider the ammoniacal salts and 
amides of carbonic acid. 

As carbonic acid is bibasic, its ammonium salts ought to have the 
following composition : acid carbonate of ammonium^ H(NrH4)C03, and 
normal carbonate, (NH4)2C03 ; they represent compounds of one or 
two molecules of ammonia with carbonic acid. The acid salt appears 
in the form of a non-odoriferous and (when tested with litmus) neutral 
substance, soluble at the ordinaiy temperature in six parts of water, 
insoluble in alcohol, and obtainable in a crystalline form either without 
water of crystallisation or with various proportions of it. If an aqueous 
solution of ammonia be saturated with an excess of carbonic anhydride, 
and then evaporated over sulphuric acid in the bell jar of an air-pump, 
crystals of this salt are separated. Solutions of all other ammonium 
carbonates, when evaporated under the air-pump, yield crystals of this 
salt. A solution of this salt, even at the ordinary temperature, gives 
off carbonic anhydride, as do all the acid salts of carbonic acid (for 
instance, NTaHCOa), and at 38 ® the separation of carbonic anhydride 
takes place with great rapidity. On losing ca/rbonic xmhyd/ride and 
water, the acid salt is converted into the normal salt, 2(N'H4)HC03 
*=:H20-f CO2 + (NH4)2C03 j the latter, however, decomposes in solu- 
tion, and can therefore only be obtained in crystals, (]SrH4)2C03,H20, at 
low temperatures^ and from solutions containing a/n, excess of ammonia 
as the product of dissociation of this salt : (NH4)20O3 «= NrH3 
4 - (NH4)HC03. But the normal salt,®** according to the general type, is 


acids or alkalis. Under the action of alkalis the amides naturally ^ve oti ammoAia, 
through the combination of water with the amide, when a salt of the acid from which tho 
amide was derived is formed : RNH24-KH0=EK04-NH5. 

The same reaction takes place with aoids, only an ammoniacal salt of the acid is of 
course formed whilst the acid held in the amide is liberated: RNHa+HCl+HjO 
«RH0+NH4C1. 

Thus in the majority of cases amides easily pass into ammoniacal sails, but they 
differ essentially from them. No ammoniacal salt sublimes or volatilises unchanged, and 
generally when heated it gives off water and yields an amide, whilst many amides volai- 
tilise without alteration and frequently are volatile crystalline substances which may bo 
easily sublimed. Such, for instance, ore the amides of benzoic, formic, and many 
other organic acids. 

The acid salt, (NH 4 )HC 03 , on losing water ought to form the carbdvm add, 
OHCONH 2 O) ; but it is not formed, which is accounted for by the instability of the acid 
salt itself. Carbonic anhydride is given, off and ammonia is produced,, which givee 
^Ammonium carba mate. 
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capable of decomposing with separation of water ^ and forming ammoninm 
carhamatey NrH40(C0NIl2) = (NH4)2C03 *— H2O ; this still further 
complicates the chemical transformations of the carbonates of am- 
tnonium. It is in fact evident that, by changing the ratios of 
water, ammonia, and carbonic acid, various intermediate salts will be 
formed containing mixtures or combinations of those mentioned above. 
Thus the ordinary commercial carbonate of ammonia is obtained by 
heating a mixture of chalk and sulphate of ammonia (Chapter VI.), or 
sal-ammoniac, 2NH4CI + CaCOa = CaCl^ + (^^4)2003. The normal 
salt, however, through loss of part of the ammonia, partly forms the 
acid salt, and, partly through loss of water, forms carbamate, and most 
frequently presents the composition !N‘H40(C0NH2) + 20II(C02KH4) 
^ 4 NH 3 + 3CO2 + 2H2O. This salt, in parting under various con- 
ditions with ammonia, carbonic anhydride, and water, does not 
present a constant composition, and ought rather to be regarded as a 
mixture of acid salt and amide salt. The latter must be recognised as 
entering into the composition of the ordinary C£yrbonate of ammonia, 
because it contains less water than is required for the normal or acid 
salt but on being dissolved in water this salt gives a mixture of acid 
and normal salts. 

Each of the two ammoniacal salts of carbonic acid has its corre- 
sponding amide. That of the acid salt should be acid, if the water given 
off takes up the hydrogen of the ammonia, as it should according to the 
common type of formation of the amides, so that OHCOKH2, or 
carhamic acid, is formed from 0HC03NrH4. This acid is not known in 
a free state, but its corresponding ammoniacal salt or ammonium ca/r* 
hamate is known. The latter is easily and immediately formed by 
mixing 2 volumes of dry ammonia with 1 volume of dry carbonic anhy- 
dride, 2NrH3 + CO2 = NH40(C0NH2) ; it is a solid substance, smells 
strongly of ammonia, attracts moisture from the air, and decomposes^ 
completely at 60 °. The fact of this decomposition may be proved ^ by 
the density of its vapour, which = 13 (H = 1 ) ; this exactly oorresponds 
with the density of a mixture of 2 volumes of ammonia and 1 volume 

® In the normal salt, . 2 NHs + CO2 + H2O, in the add salt, NH5 + COg + HgO, but in the 
commercial salt only 2H2O to 8CO2. 

56 Hanmann determined the following dissociation tensions of the vapour of 
carbamate (in millimetres of mercury) 

-10® 0® +10° 20® 80® 40® 60® CiO® 

6 12 80 62 124 248 470 770 

Ebrstmann and Isambert studied the tensions corresponding to excess of NH3 or COj, 
end fotmd, as might have been expected, that with such excess the mass of the salt 
formed (in a solid state) increases and the decomposition (transition into vapour) 
decreases. 
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of carbonic anhydride. It is easily understood that such a comhination 
will take place with any ammonium carbonate under the action of salts 
which take up the water — for instance, sodium or potassium car- 
bonate — as in an anhydrous state ammonia and carbonic anhydride 
only form one compound, C022NH3.^^ As the normal ammonium car 
bonate contains two ammonias, and as the amides are formed with the 
separation of water at the expense of the hydrogen of the ammonias, 
so this salt has its syrometrical amide, C0(1JH2)2- This must be termed 
carbamide. It is identical with urea, 01^2^40, which, contained in the 
urine (about 2 per cent, in human urine), is for the higher animal/^ 
{especially the carnivorous) the ordinary product of excretion®® and 
oxidation of the nitrogenous substances foiind in the organism^. If 
ammonium carbamate be heated to 140 ® (in a sealed tube, Bazarofi), 
or .if carbonyl chloride, COCl 2, be treated with ammonia (Nfatanson), 
urea will be obtained, whic^^ shows its direct connection with carbonic^ 
acid-^that is, the presence of carbonic acid and ammonia in it. From 
this it will be Understood how Urea during the putrefaction of urine i»' 
converted into ammonium carbonate, CN2H40,+ H2O = COjj -f- 2NH3. 

Thus urea, both by its origin and decomposition, is an amide of 
carbonic acid. Representing as it does ammonia (two molecules) in 
which hydrogen (two atoms) is replaced by the bivalent radicle of 
carbonic acid, urea retains the property of ammonia of entering into 
xjombination, .with acids (thus nitric acid forms •C/hr2]^4O,HN03), 
with bases (for instance, with mercury oxide), and with salts (such 
as sodium chloride, ammonium chloride), but containing an acid 
l^fesidue it has no alkaline properties. It is soluble in water without 
change, but at a red heat loses ammonia and fofms cycmic acid, 
which is a nitrile of carbonic acid — that is to say, is a 

"'^7 Calcium chloride enters into double decomposition with ammonium carbamatfe. 
Acids (for. instance, sulphuric) takd up ammonia, land set free carbonic anhydride j 
whilst alkalis (such as potash) take up carbonic anhydride and set free ammonia, and 
therefore, in this case for removing water only sodium or potassium carbonate can be 
taken. An aqueous solution of ammonium carbamate’ does not entirely precipitate a 
solution of CaCl2, probably because calcium carbamate is soluble in water^ and all the 
(NH3)2C02.is not converted by dissolving into -the normal salt, (NH4Q)2C03. 

It must be imaginjed that the reaction takes, place at first between equal volumes 
(Chapter Vn.).j but then -carbamio acid, H0(CNH20}, -is produced, which, os an acid, 
immediately combines with the ammonia, forming ■NH40(dNH20). 

59 ‘Ureais un'doubtedly.a product of the oxidation -of complex nitrogenous •matters 
(albumin) of the animal body. It is found in the blood. It is absorbed fioin thfe- blOod 
by the kidneys. A man excretes about 80 grams of urea per day. As a dOrivaliive of 
carbonic anhydride, into, which it is readily converted, urea is in a sense a prodiact of 
oxidation. 

Its polymer, C3N3H3O5, is formed together with it Cyanic acid ia 
unstable, easily changeable liquid, while cyanurio acid is a crystalline solid which is 
jgtabid at the ordinary .temperature. 
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^cyanogen compound, corresponding to the acid ammonium carbonate^ 
OII(CNH402), which on parting with 2H2O ought to form cyanic acid^ 
CNOH. Liquid cyanic acid, exceedingly unstable at the ordinary 
temperatures, gives its stable solid polymer cyanuric acid, 03H3C3'N’3, 
Hoth have the same composition, and they pass one into another at 
jdifferent temperatures. If crystals of cyanuric acid be heated to a tem- 
Iperature, then the vapour tension, in milKmetres of mercury 
(Troost and Hautefeuille) will be : 

t. 160®, 170®, 200®, 250®, 300®, 350® 
p. 56, 68, 130, 220, 430, 1,200 

vapodr contains cyanic acid, and, if it be rapidly cooled, it con- 
denses into a mobile volatile liquid (specific gravity at 0®=1*14). If 
ithe liquid cyanic acid be gradually heated, it passes into a new amor- 
phous polymeride (cyamelide), which, on being heated, like cyanuric 
acid, forms vapours of cyanic acid. If these fumes are heated above 
150® they pass directly into cyanuric acid. Thus at a temperature of 
350®, the pressure does not rise above 1,200 mm. on the addition of 
. vapours of cyanic acid, because the whole excess is‘ transformed into 
t cyanuric acid. . Hence, the above-mentioned figures give the tension o£ 
j dissociation of cyanuric acid, or the greatest pressure which the vapours of 
HOCN are able to. attain at a. given temperatui'e, whilst at a greater 
[pressure, or by the introduction of a larger mass of the substance into a 
given volume, the whole of the excess is converted into .cyanuric acid. 
The properties .of cyanic acid which we have described were principally 
observed by Wohler, and clearly show the faculty of polymerisation of 
tycunogen compounds. This is observed in many other cyanogen deriva- 
tives, and is to be regarded as the consequence of the above-mentioned 
J explanation of their nature. All cyanogen compounds are ammonium 
salts, R(CNH402), deprived of water, 2H2O ; therefore the molecules, 
ought to possess the faculty of combining with two- molecules of 
wa-ber or with other molecules in exchange for it (for instance, with 
HaS* or HCl, or 2H2, &c.), and are therefore capable of combining to- 
gether. The combination of molecules of the same kind to form more 
complex ones is what is meant by polymerisation.^® 

^40 Jxist as the aldehydes (such as C2H4O) are alcohols (like C2HeO) which. Rave 
lost Hydrogen and are also capable of entering into combination with many substances, 
and of polymerising, forming slightly Tolatile polymerides, which depolymerise 
on Heating. Although there are also many similar phenomena (for instance, the trans- 
formation of yellow into red phosphorus, the transition of cinnameneintometooinnamene, 
Arc.) of polymerisation, in no other case are they so clearly and simply expressed as in 
cyajoic acid. The details relating to this must be sought for in treatises on organic and 
tHeoretical chemistry. If we touch on certain sides of tins question it is principally with 
tHe view of showing tiie phenomenon of polymerisation by typical examples, for it is of more 
frequent occurrence than was formerly supposed among compounds of several elements. 
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Besides being a substance very prone to form polymeridesj cyanic acid 
presents many other features of interest, expounded in greater detail 
in organic chemistry. However we may mention here the production 
of the cyanates by the oxidation of the metallic cyanides. Potassium 
cyanate, ELCNO, is most often obtained in this way. Solutions of 
eyanates by the addition^ of sulphuric acid yield cyanic acid, which, 
however, immediately decomposes ; ON HO + H26 = CO2 + NH3. A 
solution of ammonium cyanate, CH(]NH4)0, behaves in the same 
manner, but only in ‘the cold. On being heated it completely changes 
because it is transformed into urea. The composition of both sub- 
stances is identical, CN2H4O, but the structure, or disposition of, and 
connection between, the elements is different : in the ammonium 
cyanate one atom of nitrogen exists in the form of cyanogen, ON — 
that is, united with carbon — and the other as ammonium, NH4, but, 
as cyanic acid contains the hydroxyl radicle of carbonic acid, OH(CK), 
the ammonium in this salt is united with oxygen. The composition of 
this salt is best expressed by supposing one atom of the hydrogen in 
water to bo replaced by ammonium and the other by cyanogen — Le. 
that its composition is not ' symmetrical — whilst in urea both the 
nitrogen atoms are symmetrically and uniformly disposed as regards 
the radicle CO of carbonic acid : CO(NH2)2. Por this reason, urea is 
much more stable than ammonium cyanate, and therefore the latter, 
on being slightly heated in solution, is converted into urea. This 
remarkable isomeric transformation was discovered by Wohler in 
1828 .^^ Formamide, HCONH2, and hydrocycmic acid, HON, as a^ 
nitrile, correspond with formic acid, HCOOH, and therefore ammonium 
formate, HCOONH4, and formamid^ when acted oh by heat and by 
substances which take up water (phosphoric anhydride)form hydrocyanic, 
acid, HCl?, whilst, under many conditions (for instance, on combining 
with hydrochloric acid in presence of water), this hydrocyanic, acid forms 
formic acid and ammonia. Although containing hydrogen in the 
presence of two acid-forming elements— namely, carbon and nitrogen 

It has an important historical interest, more especially as at that time such ’am 
easy preparation of substances occurring in organisms without the aid of organic life* was 
quite unescpected, for they were supposed to be formed under the influence of the forces 
acting in organisms, and without the latter their formation was considered itapossible. 
And m addition to destroying this illusion, the easy transition of NH4OCN into C0(NH2)!| 
is the best example of the passage of one system of equilibrium of atoms into anoth^. 
more stable system. 

42 xf ammonia and methane (marsh gas) do not show any acid properties, that is iaaU 
probability due to the presence of a large amount of hydrogen in both ; hut m hydro- 
cyanic acid one atom of hydrogen is under the influence of two acid-forming elements. 
Acetylene, C2H2, which contains but Uttle hydrogen, presents acid properties in certain, 
respects, for its hydrogen is easily replaced by metals. Hydrouitrottf acid, 
which contains little hydrogen, also has the properties of an acid. 
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—hydrocyanic acid do^ not give an acid reaction with litmus {cyanic 
acid has very marked acid properties) ; hut it forms saXts^ MCN^ 
thus presenting the properties o£ a feeble acid, and for this reason is 
called an acid. The small amount of energy which it has is shown 
by the fact that the cyanides of the alkali metals — for instance, potas- 
sium cyanide (KHO + HON = H^O +• KCN) in solution— have a 
strongly alkaline reaction.'*® If ammonia be passed over .charcoal at 
a red heat, especially in the presence of a.n alkali, • or if gaseous 
nitrogen be passed through a mixture ;of charcoal and an alkali 
{especially potash, KHO), and also if a mixture of nitrogenous organic 
substances and alkali be heated to a red heat, in all these cases the 
alkali metal combines with the carbon and nitrogen, forming a metallic 
cyanide, MCN — for example, KCN.^^^is ' Potassium cyanide is much 
used in the arts, and is obtained, as above stated, under many circum- 
stances — as, for instance, in iron smelting, especially with the. assistance 
of wood charcoal, the ash of which contains much potash. The nitrogen 
of the air, the alkali of the ash, and the charcoal are brought into 
contact at a high temperature during iron smelting, and .therefore*, 
under these conditions, a considerable quantity of potassium cyanide 
is formed In practice it is not usual to prepare potassium cyanide 
directly, but a peculiar, compound of it containing potassium, iron,’ 
and cyanogen. This compound is potassium ferrocyanide, and is also 
known as yellow pruesuUe of potash, • This saline substance {m 
Chapter XXIT) has the composition K4!FeC6N5 -f 2H2O. The name 
of cyanogen (/cvavo$) is derived from the property which this yellow 
prussiate possesses of forming, with a solution of a ferric salt, FeXs, 
the familiar pigment Prussian blue. The yellow prussiate is manu- 

^ Solutions Of cyanides’r-for-'inetance,. those of potassmm, or harium — are decom- 
posed by carbonic acid. Bven the carhonjc anhydride of the air acts in; a similar way, 
and for this reason these solutions do not keep, because, in the first place, free hydro- 
cyanic acid itself decomposes and polymerises, and, in the second place, with A.Urn. 1 inA 
liquids it forms ammonia and formic acid. Hydrocyanic acid does not liberate carbonic 
anhydride from solutions of sodium or potassium carbonates. But a mixture of solutions 
of potassium carbonate and hydrocyanic acid yields carbonic anhydride on the addition 
of oxides like zinc oxide, mercuric oxide, &c. IThis is due to the great inclination which 
the cyanides exhibit of forming double salts. For instance, ZnK2(CN)4 is formed, which 
•is a soluble -double salt. 

45 bi« !niet*piuremkm,of -the atmospheric nitrogen into cyanogen -compounds, although 
.■possible, has not yet been'caniecf oul> on a large scale, and -one of the problems for future 
research should be the discovery of a practice, .and. economical means of converting the 
atmospheric nitrogen into metallic cyanides, not only because “potassium cyauids has 
found a vast and important use for the extraction of gold from jeven the poorest ores,Jbut 
more especially because the cyanides furnish the means for effecting the synthesis 0! 
"tmny complex carbon compounds, and the nitrogen contained in cyanogen easily passes 
into other forms of combination such as ammonia, which is of great importsj^ in 
agricoltare. 
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factureci on a largo Hcah^, and is generally used as the source of the 
other cyanogen iHunpouiuli. 

If four parts of ytdlow prussiato Im mixed with eight parts of water 
and tlirco parti of iiuljdmrio acid, and tlio mixture, be heated, It decom- 
p(,>so«, volatile hydixKjyaiuc acid aeparating. This was obtiwned for the 
first tlm« by ScIrhiIo in 178‘i, but it was only known to him in solution. 
In 1B09 Ittner prepared anhydrous prussic acid, and in 1815 Oay- 
Lusmc llmilly iettltKl it» pro|iertias and showed that it eontiiiui only 
hydrogen, earlMm, and nitrt)f©n, CNIL If the distillate (a weak solu- 
tion of IION) \m rediitilIo<.l, and the first part cHJllecti^, tho'anhy- 
droui acid may l>e prepared from this stronger solution. In Older to do 
tills, pieeei of oalaiuiu chloride are addtd to the concentrated solution, 
when the anhydrous acid floats as a separate layer, Inieause it is not 
soluble in an aquf'ous solution of calcium chloride. If this layer 'l>o 
then distilled over a new portion of calcium chloride at the lowest 
temperature poimible, the prumio acid may Im obteinod completely froo 
from wator. It is, liowcwor, n^i»ary to Uio the groatiMt <»ution in 
work of this kind, bocauto pru^o acid, botidw being txtremdj 
poisonous, li tx^odingly wlatll#.^^ 

Anhydrous prussic aoid is a very mobile and volatile liquid i It# 
specific gravity Is 0*697 at 18^ ; at lower temporaiurts, ctpcoially whin 
mixed with a small quantity of water, it easily oongmli j it Ixillsat 26% 
and therefore very msily evaporates, and at onllnary temperaturai 
may Isj n^garded as a gai. An Insiguificimt amount, when inhaled or 
brought into eontect with the skin, causes death. It is mdubic In all 

** atixittw of me vspotei ^ mUf sai hydfo^rimle aeli, ®?cl vtd m h«atlag y*ltow 

wiUi sulrharlc wli, may h« psiwid Ihreugh ^mmh m tuh« ilM wilk 

calcium fWeridt. Tli&«i must h% cwW, lismuw, ia tlm Sril hfim^mh 
»ci4 imilJy rlmtij?#® m\ imlng htstel, satl, ia lk« mkium Alcii^ wh«a 

warm wi*wW ia»at»r!> lin»4» Thu mixtum ef RydrecysaJa acid sad aqwoui vapour 

mi |»wpin|{ «»vrr tfc lotjK liiyf»r of «UlofM» glvti up watvr, sad hylroeywiic mMt 

rf’iuidi« m Uio vajwmr. It oeglit to Xm mmM M mr^fuUy ti poiilbl# iu onitr 
lifliill it intti ft Ui|tii<l etmilRkm, TliV mi^ibod wUieh Gay-Lyn-tiie employed for ol»t«.!nliig 
will eosilfttml ia Urn iwtlott of liyditKihlorio wkl gas ©u uit^rrurio 
eiMiiib. Tl»» kttiv nifty Iw oktelii©d In a pars ikCi if a soktiim of ytilow pro»tli,ti te 
teilftt wiili ft liolutloii of momtirlo niimH fttwl orystalliiod by coolisf j 

liiorciiriti ejfftiiiiio li Us«a obtftluvd i» Uw form of ooUmrlow oryslaJ*, HgfCNb. 

If ft iiroiii: »»hiUo*i of hydrmdilorle ftcUl Xm poarod U|»c>a Hum crjitftli, iiii.d ite mlx- 

Ilf fftfiotirii #v«lv«l,pw»iiti«is of ttawiotii vapour, liydreehbflo Mkl, luad bydrocisal© 
«kl, te Uinmifli » tube marik (tot abiortdiig tti« hfdv&«hlorifl 

ftiddh IliMi lowipii of riduimii eliiciriii%*m 3 t cooling Uis liyd»§y«ifo «itl will b® 

la mlm obkin Ui® IfttUif in m aaliydroiii. lonai, Ui# d«««p^lifi«i 
©f hmM imwufy eytuifk by hydrofoa ialphfdt may b« itiai# urn of. H#» ^ 
sad #f ©liftiil#* md bydro^sak aoM 4»d ammm^ fulphA mm 
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proportions in water, alcohol, and ether weak aqueous solutions are 
used in medicine. 

The salts MON — for instance, potassium, sodium, ammonium — as 
well as the salts M"(CN).2 — for example, barium, calcium, mercury — are 
soluble in water, but the cyanides of manganese, zinc, lead, and many 
others are insoluble in water. They form double salts with potassium 
cyanide and similar metallic cyanides, an example of which we will con- 
sider in a further description of the yellow prussiate. Not only are 
some of the double salts remarkable for their constancy and comparative 
stability, but so also are the soluble salt HgC2N2, the insoluble silver 
cyanide AgCN, and even potassium cyanide in the absence of water. 
The last salt,^® when fused, acts as a reducing agent with its elements 
K and C, and oxidises when fused with lead oxide, forming potassium 
cyanate, KOCN, which establishes the connection between HCN and 
4OHCN — that is, between the nitriles of formic and carbonic acids — and 
this connection is the same as that between the acids themselves, since 
formic acid, on oxidation, yields carbonic acid. Free cyanogen, (CN)^ 
or CNCN, corresponds to hydrocyanic acid in the same manner as Tree 
chlorine, CI2 or ClCl, corresponds to hydrochloric acid. This composition, 
iudging from what has been already stated, exactly expresses that of 
the nitrile of oxalic acid, and, as a matter of fact, oxalate of ammonia 
and the amide corresponding with it (oxamide, Note 33 ), on being heated 
with phosphoric anhydride, which takes up the water, yield cycmogen^ 
(CN)2. This substance is also produced by simply heating some of the 

^ A. weak (up to 2 p.c.) aqueous solution of hydrocyanic acid is obtained by the dis- 
tillation of certain vegetable substances. The so-called laurel water in particular enjoys 
considerable notoriety from its containing hydrocyanic acid. It is obtained by the 
steeping and distillation of laurel leaves. A similar kihd of water is formed by the 
infusion and distillation of bitter almonds. It is well known that bitter almonds are 
poisonous, and have a peculiar characteristic taste. This bitter taste is due to the 
presence of a certain substance called amygdalin, which can be extracted by alcohol. 
This amygdalin decomposes in an infusion of bruised almonds, forming .the so-called 
bitter almond oil, glucose, and bydrocyajiic acid ; 

Oi(>H 27 NOii + ■=* C7H0O ■+ CNH 

Amyg dalm in Water Bitter Hydrocysutriq Glucose 

bitt^ ahnonds almond oil acia 

If after tliis the infusion of bitter almonds be distilled with water, the hydrocyanic acidi 
and the volatile bitt^ almond oil are carried over with the aqueous vapour. The oil 
is insoluble in water, or only sparingly soluble, while the hydrocyanio acid remains as an 
aqueous solution. Bitter almond water is similar to laurel water, and is used like the 
former in medicine, naturally only in small quantities because any considerable amount 
has poisonous effecta Perfectly pure anhydrous hydrocyanic acid keeps without change, 
just like the weak solutions, but the strong solutions only keep in the presence of other 
acids. In the presence of many admixtures these solutions easily give a brown polymeric 
aubstance, which is also formed in a solution of potassium cyanide. 

^ This salt will be described in Chapter XITT. 
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metallic cyanides. Mercuric cyanide is particularly adapted for this 
purpose, because it is easily obtained in a pure state and is then very 
stable. If mercuric cyanide be heated, it decomposes, in lik« manner 
to mercury oxide, into metallic mercury and cyanogen : HgC 2^^2 = 

4- 02^2^^ When cyanogen is formed, part of it always polymerises 
into a dark brown insoluble substance called paracyanogen^ capable of 
forming cyanogen when heated to iedness.'*® Cyanogen is a colourless, 
poisonous gas, with a peculiar smell and easily condensed by cooling 
into a colourless liquids insoluble in water and having a speciho gravity 
of 0*^86. It boils at about —21®, and therefore cyanogen may be easily 
condensed into a liquid by a strong freezing mixture. At —35® liquid 
cyanogen solidifies. The gas is soluble in water and in alcohol to a 
considerable extent — namely, 1 volume of water absorbs as much as 
4^ volumes, and alcohol 23 volumes. Cyanogen resists the action of 
a tderably high temperature without decomposing, but under the action 
of the electric spark the carbon is separated, leaving a volume of 
nitrogen equal to the volume of the gas taken. As it contains caribon 
it bums, and the colour of the flame is reddish-violet, which is due to 
the presence of nitrogen, aH compounds of which impart more or less 
of this reddish- violet hue to the flame. During the combustion of 

For tihe preparation it is necessary totoike completely dry mercnric cys-nide, because 
when heated in the presence of moisture it gives ammonia, carbonic anhydride, and 
hydrocyanic acid. Instead of mercuric cyanide, a mixture of perfectly dry yeUow prus- 
siate and mercuric chloride may be used, then double decomposition and the formation 
of merotuio cyanide tahe place m the retort. Silver oyanide also disengages cyanogen, 
on beii^ heated. 

^ TdvOfiyifCfUigen, ia*a brown substance (haying the composition of cyanogen) which 
is formed dnrin^ the preparation of cyanogen by aU methods, and remains as a residue. 
Silver cyanide, on being si jgbtly heated, fuses, and on being further heated evolves a g^gi | 
a considerable quantity of parooyanogen remains in the residue. Here it is remarkable 
that exactly half the cyanogen becomes gaseous, and the other half is transformed into 
paracyanogem Metallic silver will be found in the residue with the parapyanogen; it 
may be extracted with mercury or nitric acid, which does not act on paracyanogen. If 
pai^yanogen be heated in a vacuum it decomposes, forming cyanogen ; but here the 
pressure jp for a given temperature i cannot exceed a certain limit, so that the pheno* 
menon presents all the- external appearance of a physical transformation into vapour ; 
hut, nevertheless, it is a complete change in the nature of the substance, though 
limited by tbe pressure of dissociation, as we saw before in the transformation of 
i^yanuric into hydrocyanic acid, and. as would be expected from the fundamental 
principles of dissociation. Troost and HautefeuiUe (1868) found that for paracyanogen, 

t « 680° 681® 600° 686° 

*= 90 148 296 1,089 mm. 

However, even at 660° part of the cyanogen decomposes into carbon and nitrogen. 
The reverse transition of cyanogen into paracyanogen commences at 860°, and at 600® 
proceeds rapidly. And if lie transition of the first kind is likened to evaporation, then 
the reverse trah8itioo.,*or polymerisation, presents a likeness to the transition of vapom 
Into the solid state. 


#6 
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cyanogen, carbonic anhydride and nitrogen are formed. The same 
products are obtained in the eudiometer with oxygen or by the action, 
of cyanogen on many oxides at a red heat. 

The relation of cyanogen to the metallic cyanides is seen nob only- 
in the fact that it is formed from mercuric cyanid^ but also by its- 
forming cyanide of sodium or potassium 6n being heated with either of 
those metals, the sodium or potassium taking fire in the cyanogen. 
On heating a mixture of hydrogen and cyanogen to 500® (Berthelot),4» 
or under the action of the silent discharge (Boilleau), hydrocyanic 
acid is formed, so that the reciprocity of the transitions does not 
leave any doubt in the matter that all the nitriles of the organic acida 
contain cyanogen, just as all the organic acids contain carboxyl and 
in it the elements of carbonic anhydride. Besides the amides,*^® the 
nitriles (or cyanogen compounds, ItCK), and nitro-compounds (con- 
taining the radicle of nitric acid, RhTOa), there ate a great number 
of other substances containing at the same time carbon and nitrogen,, 
particulars of which must be sought for in special works on organic 
chemistry. 

Cyanogen (like chlorine) is absorbed by a Bolation of sodium hydroxide, sodium 
cj&Dide and cyanate being produced : C2N2+ 2NaHO » NaCN + CNNaO + HaO. But the 
latter salt decomposes relatively easily, and moreover part of the cyanogen liberated by 
b^t from its compounds undei^oes a more complex transformation. 

^ If, id general, compounds containing the radicle NH2 are called amides, some of the 
i^tmnes ought to be ranked with them ; namely, the hydrocarbons CnK^m, in which part of 
♦he hydrt^enis replaced by NH2 ; for instance, methylamine, CH5NH2, aniline, C6H5NH2, 
&C. In general the amines may be represented as ammonia in which part or all of the 
hydrc^en is replaced hy hydrocarbon radicles— as, for example, trimethylamine, N(CH3)5. 
They, like ammonia, combine with acids and form crystaUine salts. Analogous substancea 
are sometimes met with in nature, and bear the general name of allcaloid»\ such Jin'^ 
for instance, quinine in cinchona bark, nicotine in tobacco, &c. 



CHAPTER X. 

SODIUM CHLORIDE— BERTHOLLET's LAWS — HYDROCHLORIC ACID 

In tLe preceding chapters we have become acquainted with the most 
important properties of the four elements, hydrogen, oxygen, nitrogen, 
and carbon. They are sometimes termed the organogens^ because they 
enter into the composition of organic substances. Their mutual com- 
binations may serve as types for all other chemical compounds — that is, 
they present the same atomic relations (types, forms, or grades of 
combinations) as those in which the other elements also combine 
together. 

Hydrogen, Hit, or, in general, HR. 

Water, HjO, „ „ H^R. 

Ammonia, HsN,- „ ,, H3R. 

Marsh gas, H4C, „ „ H4II. 

One, two, three, and four atoms of hydrogen enter into these 
molecules for one atom of another element. Ho compounds of one atom 
of oxygen with three or four atoms of hydrogen are known ; hence the 
atom of oxygen does not possess, certain properties which are found in 
the atoms of carbon and nitrogen. 

The faculty of an element to form a compound of definite composi- 
tion with hydrogen (or an element analogous to it) gives the possibility 
of foretelling the composition of many other of its compounds* Thus,' 
if we know that an element, M, combines v^ith hydrogen, forming, 
by preference, a gaseous substance such as HM, but not forming 
H2M, H3M, HnMm. then we must conclude, on the basis of the law of 
substitution, that this element will give compounds MjO, MHO, 
MH3C, <kc. Chlorine is an example of this kind, *. If we know that 
another element, R,.like oxygen, gives with hydrogen a molecule HjE, 
then we may expect that it will form compounds similar to hydrogen 
peroxide, the metallic oxides, carbonic anhydride, or carbonic oxide, 
and others. Sulphur is an instance of this kind. Hence the elements 
may be classified according to their resemblance to hydrogen, oxygen, 
nitrogen, and carbon, and in conformity with this analogy it is possible 
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bivalent elements, forming flH2> EO, ROI2, RHCl, B(OH)Cl5 E(OH)2^> 
R2O, RON, &c. Nitrogen in ammonia is the representative of thel 
trivalent elements, giving compounds RHg, R^Og, R(OH)3, RClg, 

RHC, In carbon are exemplified the properties of the quadrivalent 
elements, forming EH4, EO2, RO(OH)2, E(OH)4, REN, ROI4, EHClg^. 
&c. We meet with these forms of combination^ or degrees of union of 
atoms, in all other elements, some being, analogous to hydrogen, others to 
oxygen, and others to nitrogen or to carbon. But besides these quan- 
titative analogies or i^emblances, which are foretold by the law of* 
substitution (Chapter VI.), there exist among the elements qualita*- 
tive analogies and relations which are not fully seen in the compounds 
of the elements which have been considered, but are most distinctly 
exhibited in the formation of bases, acids, and salts of different types 
and properties. Therefore, for a complete study of the nature of the' 
elements and their compounds it is especially important to become 
acquainted, with the salts,. as substances of a peculiar character, pnd 
with the corresponding Acids and* bases. Common table salt, or sodium 
chloride, NaOl, may in every respect ‘be taken as a type of salts in 
general, and We will therefore pass to the consideration of this sub-j 
stance, and of hydrochloric acid, and of the base sodium hydroxide,' 
formed by the non-metal chlorine and the metal sodium, which corre- 
spond with it. 

SodiwYi chloride^ NaCl, the familiar table salt, occurs, although 
in very small quantities, in all the primary formations of the earth^S 
crust, ^ from which it is washed away by the atmospheric waters ; it is 
contained in small quantities in all waters flowing through these forma- 
tions, and is in this manner conveyed to the oceans and seas. The 
imrdense mass of salt in the oceans has been accumulated by this process 
from the remote ages of the earth’s creation, because the water has 
evaporated from them while the salt has remained in solution. The salt 
of sea water serves as the source not only for its direct extraction, but, 

* The primary fonnatioils are those which, do not bear any distinct traces of having, 
been deposited from water (have not a stratified formation and contain no remaihei of 
animal or vegetable life), occur under the sedimentary formations of tyha earth, and ore 
everywhere uniform in composition and structure, the latter being generally distinctly 
crystallitie. If it be assumed that the earth was originally in a molten condition, the 
first prim^ formations are those which formed the first solid crust of the earth. But 
even with this hypothesis of the earth’s origin, it is necessary to admit that the firsts 
0(queous deposits must have caused a change in the original crust of the earth, and 
therefore under the head of primary formations must be understood the most ancient of 
the products of decomposition (mostly by atmospheric, aqueous, and orgouio agency, die.), 
from which all the rocks and substances of the 'earth’s surface have arisen. In speaking 
of the origin of one or another substance, we can only, on the basis of facta, descend to 
the primoiy formations, of which granite, gneiss, and hrachyte may be taken ae esdamples. 
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mixed with the bitter salts of magnosium whiob, owfng to their solu- 
bility and the small amount in which they are preient (loas than 
1 p.c.), only separate out, in the first crystallisations, in traces* 
Oypsuin» or calcium sulphate, Ca8042ns|0, because of its sparing 
solubility, separates together with or even before the table salt. When 
about half of the latter has separated, then a mixture of table salt 
and nmgneiium sulphate separatoi Out, and on atill further evapora- 
tion the chlorides of potwiium and magnesium begin to separate 
in a state of combination, forming the double salt KMgCl^jdHjO, 
-whioh occurs in nature as camaUi^^ After the aoparation of this 
salt from sea water, there remains a mother liquor containing a 
lai^o amount of maguoaium chloride in admixture with various 
other salts.'^ The extraction of noa salt is usually carried on for the 
purpose of procuring tal>le salt, and theraforo directly it begins to 
separate mixed with a conHitb^rabU^ j)ro|)ortion^ of magnesium salts 
(when it acquires a bittiT taste) the remaining li<|uor is run back into 
the sea. 

The same prooesi which is employed for artificially obtaining salt 
in ft crjitftlline form from sea water has lieen repeatedly acoomplishad 
during the geological evolution of the earth on a gigantic scale ; up 
heavals of the eartli have cut off portions of the sea from the remainder 
(as tho I>ead Bea was formerly a part of the MtHliterranean, and the Sea 
of Aral of the Caspian), and their water has evaporated and formed 
(if the mats of the inflowing fresh water wore Ichs than that of tho 
mass evaporated) depotiis of mek mU* It is always accompanied by 
gypsum, bocftuio the latter is itpftimted from sea water with or beforo 
the iodium chloride. For this reason rock M.U may always b© looked for 

Til© Aoubk paH EChMgCb in «, crystdloby^mt© of KOI nad MgCli, und li oaly 
_ fonninl from Molutioim oontuiiting; iwi of magtiosiuin ebkwrfd#, b^n-u'l® watir dt* 

cotnimwn thin tltmblo fiaU, oxtrartinn tho nior© m)luiae urngaotlum ohlorldt from li 
^ Owing it* tho fui»«hunisatftl ino|H^rty of BstUs of hiterehftiifiwg tbtir it 

oatmot ho luiid that noa waUir oont&liia this or that Malt, hot only that it contain® curtain 
ainountiof cortain niiitak M (nnivabrntlikiiNa and K,andi bivalent ItkisMg and Ca),and 
haloid® X (ludvahint lik© Cl, Br, and bivalent liko CO3), which nro dii|w>iMsd In 
wry poiglhlfl kind of groniiing; for Inatanoo, E m K(d, KBr, Mg r« MgCljt, 

’ MgBr.|, MgSOi, and go on lor all tho othor motal«. In ovaivoration diflaroiit iialti stparate 
out efjfii«nitividy only hrcau»« they roach aaturation. A proof of thii niay te ietn In 
thi fttot tlmfe a solution of a iniitur# of nodium dtdorido and m^fiioskm iulplmti (both 
«! which ialtit ar© obtained from mm water, aa wai mtutlonid abov®), whtii ovA|io»ted, 
d«|iositi cryiWi of tht«i aalts, hut whoii rofrlgoratod (If t^® iidulion te fttfielintljr 
i&torftfef«l) th© fcidt Na3BO4,l0H4O l« first doimsitod bocaoii it li ihti first to ariivtat 
•fttttfalloft at low ti>n»|Wfttur#«. Con#«K|U»«Uy this ioltttlon oontelfii MgCbj »d NitSOi, 
MiS04 and NaCh 80 It ia with mm water. 

^ ssll iiteMted from water is piltd op In h©apii tnd kft ixpoiii to fiii Mllon of 
rate water, wfefeh pirifiti It, owing to th« water tecomtef iatumted with »ilwa oWodd# 
and &#a no fc«|« dliidi’rtef lb wauhteg out lapurili^ 
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in those localities where there are deposits of gypsum. But inasmuch 
-as the gypsum remains on the spot where it has been deposited (as 
it is a sparingly soluble salt), whilst the rock salt (as one which is very 
soluble) may be washed away by rain or fresh running water, it may 
sometimes happen that although gypsum is still found there may be 
.no salt ; but, on the other hand, where there is rock salt there wil) 
always be gypsum. As the geological changes of the earth^s surface 
are still proceeding at the present day, so in the midst of tho dry land 
salt lakes are met with, which are sometimes scattered over vast dis- 
tricts formerly covered by seas now dried up. Such is the origin of 
many of the salt lakes about the lower portions of the Volga and in the 
Kirghiz steppes, where at a geological epoch preceding the present the 
Aralo-Oaspian Sea extended. Such are the Baskunchaksky (in the 
Government of Astrakhan, 112 square kilometres superficial area), the 
Eltonsky (140 versts from the left bank of the Volga, and 200 square 
kilometres in superficial area), and upward of 700 other salt lakes 
lying about the lower portions of the Volga. In those in which the 
inflow of fresh water is less than that yearly evaporated, and in which 
the concmitration of the solution has reached saturation, the 
deposited salt is found already deposited on their beds, or is being yearly 
deposited during the summer months. Certain limans, or sea-side lakes, 
of the Azofif Sea are essentially of the same character — as, for instmee, 
those in the neighbourhood of Henichesk and Berdiansk. The salhae 
soBs of certain Central Asian steppes, which suffer from a want of 
atmospheric fresh water, are of the same origin. Their salt originally 
proceeded from the salt of seas which previously covered these localities, 
and has not yet been washed away by fresh water. Tho main result of 
the above-described process of nature is the formation of masses of rock 
salt, which are, however, being gradually washed away by the subsoil 
waters ffowing in their neighbourhood, and afterwards rising to the 
surface in certain places as saline springs^ which indicate tho presence 
of masses of deposited rock salt in the depths of the earth . If the sub- 
soil water flows along a stratum of salt for a sufficient length of time it 
becomes salmrated j but in flowing in its further course along an im- 
pervious stratum (clay) it becomes diluted by the fresh water leaking 
through the upper soil, and therefore the greater the distance of a 
saline spring from the deposit of rock salt, the poorer will it be in 
salt. A" perfectly saturated brine, however, may be procured from the 
depths of the earth by means of bore-holes. The deposits of rock salt 
themselves, which are sometimes hidden at great depths below the 
earth’s strata, may be discovered by the guidance of bore-holaa and the 
direction of the strata of the district. Deposits of rook salt, about 
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S5 metres thick and 20 metres below the surface, were discovered in this 
manner in the neighbourhood of Brianstcheffky and Bekonoffky, in 
the Bakhmut district of the Government of Ekaterinoslav Large 
quantities of most excellent rock salt are now (since 1880) obtained from 
these deposits, whose presence was indicated by the neighbouring salt 
springs (near Slaviansk and Bakhmut) and by bore-holes which had been 
sunk in these localities for procuring strong (saturated) brines. But 
the Stassfurt deposits of rock salt near Magdeburg in Germany are 
celebrated as being the first discovered in this manner, and for their 
many remarkable peculiarities.^ The plentiful- distribution of saline 
springs in this and the neighbouring districts suggested the presence 
of deposits of rock salt in the vicinity. Deep bore- holes sunk in 
this locality did in fact give a richer brine— even quite saturated 
with salt. On sinking to a still greater depth, the deposits of salt 
themselves were at last arrived at. But the first deposit which was 
met with consisted of a bitter salt unfit for consumption, and was 
therefore called refuse salt {AhraurYisalz), On sinking still deeper vast 
beds of real rock salt were struck. In this instance the presence of 
these upper strata containing salts of potassium, magnesium, and' 
.sodium is an excellent proof of the formation of rock salt from sea water. 
It is very evident that not only a case of evaporation to the end — as far, 
for instance, as the separation of carnallite— but also the preservation 
of such soluble salts as separate out from sea water after the sodium 
chloride, must be a very exceptional phenomenon, which is not repeated 
in all deposits of rook salt. The Stassfurt deposits therefore are of 
particular interest, not only from a scientific point of view, but also 
because they form a rich source of potassium salts which have many 
practical uses.’ 

7 When the German savants pointed out the exact locality of the Stassfurt salt- 
beds and their depth below the surface, on the basis of information collected from 
various quarters respecting bore-holes and the direction of the strata, and when the 
borings, conducted by the Government, struck a salt-bed which was bitter and unfit 
for use, there was a great outcry against science, and the doubtful result even caused 
the cessation of the further work of deepening the shafts. It required a great 
effort to persuade the Government to continue the work. Now, -when the pure salt 
encountered below forms one of the important riches of Germany, and when thosie 
* refuse salts ’ have proved to be most valuable (as a source of potassium andmagnesiudi), 
we should see in the utilisation of the Stassfurt deposits one of the conquests of science 
for the common welfare. 

7 bis In Western EuropO, deposits' of rook salt have long been known at WieliczkiH 
near Cracow, and at Cardona in Spain. In Eussia the following deposita are .known,: 
<a) the vast masses of rock salt (S square kilometres area and, up to 140 metres thick) 
lying directly on the surface 6£ the earth at Detzky Zastchit, on the left bank of the river 
Ural, in the Government of Orenburg; (&) the Chingaksky deposit, 90 versts. from the- 
rlver Volga, in the Enotaeflfsky district of the Gnvemment of Astrakhan; (c) the- 
Kulepinsky (and other) deposits (whose thickness attains 160 metres), on the Araks, in 
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w^tor ii pumped, run along the top. On flowing from thwo trouglia^ 
througli the openings, tho water spreads over the brushwood and 
diiitributos itself in a thin layer over it, to that it pretente a v©iy largo 
eurfttce for evaporation, in oonsequonce of which it rapidly booomea 
concentrated to warm or windy weather. After trickling over the 
bruihwoocl, the iolntion colleota in a reservoir under the graduator, 
whence it ii usually pumped up by the pumps p p', and again run a 
iocond and third time through the graduator, until the solution roaches 
a degroo of eonoentration at which it becomes profiteblo to extract 
the salt by direct ’himting. Generally the evapora^on in ^0 graduator 
Is not carried beyond a concentration of 12 to 15 parts of »It In 
100 parte of solutitin. Strong natural solutions of salt, and also the 
graduated solutions, am evaporated in largo shallow motallio veBse1% 
which aro either heated by the direct action of the flame from Imlow 
or from above. These vmgek are made of boiler plate, and are called 
iidt-pans. Various memns are employed for accelerating the evapora* 
tion and for economiilng fuel, which are m.ainly based on an arMfioia^ 
dmught to mny off the stem m it k formed and on aubjecMng the 
©aline solution to a preliminary hitting by the waste heat of the steam 
and furnace gases. Furthermore, the first portions of the salt which 
erystalliio out in the salt-pans aro invariably contaminated with gypsum, 
tinea the watori o! aalhm springs always contain this substenoc. It ia 
only the portions of the salt which sepitrate later that arc distinguished 
hy tlmlr great purity. ThO'Salt is ladled out as it is deposited, left to 
drain on inclined tabl^ and then dtled, and in this manner the so- 
calldi bay mlt Is obtdned. Since it has become pcmible to ditoover 
the saline d^oslis themnelvnii the extraction ol table salt from the 
water of tallne springs by evaporation, which previously was in gweraJl 
u», hoi k^gun to l>o dlsuMod, and is only aMe to hdd ite ground in 
pkec» where fuel i« cheap. 

hi order Ui understand tlm full importanoo of the extraction of 
•alt, it need only bo mentiormd that on Urn avemge 20 lbs. of Ublo salt 
areconiuin^l yearly per head of |H>puktion, directly in fotxl or for cattle. 
In tlic«© countries where common aalt is employed in technioal pro* 
OMtos, iind specially in England, almost an ©cjual quantity i» oonsumdl 
In the production of subitanoi^ containing chlodno and sodium, and 
^peelaliy in the manufacture of washing iod% &c., and of chlorine 
omipunds (bleaching |>owder and hyrdochloric acM). The yearly*pro* 
dueUon of salt in Eun>pc amounts to as much m 7| million tons. 

Although certain lump of rock salt and etystals bay isdt mm%* 
tltt« insist dt sdm^t pure sodium dilorlde, itill or^aiy <x««- 
mordal idit mutedns mxiQm tmpuriti^ the mmt emntton of #Meh tm 
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maghesium sate If fhe salt be puro> its solution givw w> precipitate 
with sodium carbonate^ SagOOg, showing the almenco of • magnesium 
salts, because magnesium carbonate, MgCO^, is insoluble in waton 
Bock salt, which is ground for use, generally contains also a considoral ile 
admixture of clay and other insoluble impurities.® For ordinary use 
the bulk of the salt obtained ..can be employed directly without furthei* 
purification ; but some salts are purified by solution and crystallimtiort 
of the solution after standing, in which case the evaporation is not ear- 
ned on to dryness, and the impurities remain in the mothur liquor or 
in the sediment, When perfectly pure salt is required for clicmical 
purposes it is best obtained as follows : a saturated solution of table 
salt is prepared^ and hydrochloric acid gas is passed through it ; tiui 
precipitates the sodium chloride (which is not soluble in a strong solu- 
tion of hydrochloric acid), while the impurities remain in solution. By 
repeating the operation and femng the salt (when adhering hydro** 
chloric acid is volatiKsed) a pure salt is obtained, which is again 
crystallised from its solution by evaporation^® 

Pure sodium chloride, in well-defined crystals (slowly deposited 
at the bottom of the liquid) or in compact masses (in which form rock 
salt .is sometimes met With)^ is a colourless and transparent substance 
resembling, but^ more brittle and tea hard than, glass.^® Ckmmon 
salt always <^«tallises in tto frequmtiy In 

and more rarely in octahedral Juarge transparent cubes of commma 
salt, having edges .up to lO- centimetres long, are sometimes fouud in 
masses of rock salt.'^ When evaporated in the open the salt offci^n^ 


® The frejCture of rock salt generally eliov/s the presence of interlayers of impurities 
which are fiomefcimes very 6«iall in weight, bnt visible owing to thoir refraction. In the 
excefiently laid out salt mines of Briansk I counted (1888), if my memory do«i mt 
deceive me, on an average ten interlayers per metre of thickness, between which tlw salt 
yy&B in general very pure, and in places quite transparent. If this be the case, then thcire 
would be interlayers for the whole thickness (about 86 metres) of th© bed. They 
•probably correspond with the yearly deposition of the salt. In this case Oie depoilfcion 
would have extended over more than 800 years. This should bo observable at the prcicnt 
day in lakes where the fugit is saturated and fn course of deposition. 

9 own investigMwms hiem shown that not only the sulphatee, but alw the 
potasaum sfOts, ore enlarely removed by this method. 

w According to the determinatious of Klodt, the Briansk rock salt with«t«d» n 
of 540 Ifi^grms per square centimetre, Whilst glass withstands 1,700 kll^ 
this respect sail is tvnee as secure as bricks, and therefor© Immense tp a s B efl may be 
«^^d from uuderground workings wfth jperfect safety, without having rewur^ to 
supports, merely toking.advantage of the properties of the sidt itself. 

^ d^ain m^fcMcmed aystalsj a saturated soluiiofi is mixed with ferric 

<»y^ wtoi chloride we ipleced at the Bottwn, ana the .dntfam 
• l0O8e.flttieg o(nreirOotal»a«a 
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1 separates out on the surface as cubes, which grow on to each other 
in the form of pyramidal square funnels. In still weather, the» 
clusters are able to support themselves on the surface of the water for 
a long time, and sometimes go on increasing to a considerable extent, 
but they sink directly the water penetrates inside them. Salt fuses 
to a colourless liquid (sp. gr. 1*602, according to Quincke) at 851® 
(V, Meyer ) ; if pure it solidifies to a non-crystalline mass, and if impure 
to an opaque pass whose surface is not smooth In fusing, sodium 
ichloride commences to volatilise (its weight decreases) and at a white 
iheat it volatilises with .great ease and completely ; but at the ordinary 
(temperature it may, like all ordinal salts, be considered as non- volatile, 
although as yet no exact experiments have been made in this direction. 

saturated solution of table salt (containing 26*4: p.c.) has at 
the ordinary temperature a specific gravity of about 1*2. The specific 
igravlty of the crystals is 2*167 (17®). The salt which separates out 
.at the ordinary and higher temperatures contains no water of crystal- 
lisation ; but if the crystals are formed at a low temperature, 

If a solution of sodium chloride'' he slowfy heated from where the evaporation 
takes place, then the upper layer will become saturated b^ore the lower and cooler 
layers, and therefore crystallisation will h^in on the surface, and the crystals first formed 
wili4oat, having also dked from above, on the surface until they become quite soaked. 
Being the solution the crystals are partially immersed under it, and the 

following crystallisation, also proceeding on the surfaoe, will only form crystals along 
the si^e of the original crystals. A funnel is formed in this manner. It will he 
borne on the surface like a boat (if the liquid be quiescent), because it will grow more 
from the upper edges. We can thus understand this at first sight strange funnel form 
-of erystaUisation of salt. In explonahon why the orystallisation under the above 
^conditions begins at the surface and not at the lower layers, it must be motioned that 
!|he specific gravity of a crystal of sodium chloride »fi*16, and that of a solution saturated 
■at contains 26*7 p.o. of salt and has a specific gra'vil^ at 2$°/4° of 1*2004; at 15^ a 
saturated solution contains 26*5 p.c. of salt and has a sp. gr. 1*208 at Hence a 

.solution saturated at a higher temperature is speoifiioally lights, notwithstanding the 
. greater amount of salt it contains. With many substances surface crystaXUsation cammt 
take place because their solubility increases more rapidly with the temperature than their 
; specific gravity decreases. In this case the saturated solution will always be in the lower 
layers, where also the crystallisation will take place. Besides which it may be added that 
as a consequence of the properties of water and solutions, .when they are heated from above 
(for instance, by the sun’s rays), the warmer layers being the lightest remain above, whilst 
when heated from below they rise to the top. For this reason the water at great depths 
below the surface is always cold, which has long been known. These circumstances, as well 
as those observed by Soret (Chapter I., Note 19), explain the great differences of density 
and temperature, and in the amount of salts held in the oceans at different latitudes (in 
polar and tropioSil climes) and at vasdous depths, 

13 By combining jtbe results of Poggiale, Sltiller, and Karsten (they are evidently 
vmore accurate than those of Gay-Lussac and others) I found that a satmrated soltdlon at 
i from (P to 108°, contains 85*7 + 0*024< +0*0002^* grams of salt per 100 grams of water, 
This formula gives a solubility at 0°«=86*7 grams (»26*8 p.o.), whikt aocordkig to "Eags^ 
«ten ft is 86*09, Poggiale 85*5, and MiiUer 85*6 grams. 

Perfectly pure fused salt is not hygroscopic, acoor^g to Earstea, »%lkt #ie 
. ciystalUsed ealt, even when quite pure, attracts as.mnobas 0!s6 p«o. cl wator irem anoiet 



428 


mnCIPLES OF CHEMISTEy 


especially from a saturated solution cooled to — 12% theft th^ present 
a prismatio forsa, and contain two equivalents ot water, Na01,2HaO. 
At the ordinary temperature these crystals split up into sodium 
chloride and its solution,^*^ Unsaturatcd solutions of table salt when 
cooled below 0.® giye^^* crystals o£ ice, but when the solution has a 
composition HaOl,10HaO it solidifies completely at a temperature of 
— A solution o! table salt saturated at its boiling point boils at 
about 109®, and contains about 42 parts of salt per 100 parts of water. 

Of all its physical properties the specific gravity of solutions of 
sodium chloride is the one which has been the most fully investigated. 
A comparison of all the existing determinations of the ^ecific gravity 

fiir, aocordlng to Stu®. (In the Briftnejc mlaoi, whero th© tomperatur© ttiroagtout tfe© 
whole yoM ig about +10% it may b© observed* as Baron Klodt informed me* that in the' 
ftummwr aarfng damp weather the waUs b©oom© moist, wh4© in winter they m© di^). 

If th® Mdt o<mtaia imrurities— such as magneslam iral^hat©,*&o. — ^it Is more hygro* 
ioopio. ll it'eontdn any msgnesinm ohlorid®, it partiaUy dell^uesoes in a damp atmo- 
sphm. Th© crystallised and not perfectly pur® salt^ decrepitates when heated* owing to 
ft® containing water. The pure salt* and also the transparent rook salii^ or that which 
has been once fased* does not decrepitate. Fused sodium dilorid® shows a faint alkaline 
reaction to litmus, which has been noMoed by many observers, and is due to the presence 
of sodium oxide (probably by the action of the oxygen of the atmosphere). According 
to A. StchcrhskofC very semdtlve litmus (washed in alcohol and noutrelised with oxalio 
acid) ^ows an alkaUn® xeacUon even with th® erystelUsed salt. 

It may b® ohserred that rook salt sometimes oontalns oavliies Idled w^ a ©(^Umrlets 
liquid. Oertfidn Idhde el rook salt anlt an odour like that of h^droctetbo^ 
l^enomena have as yet received very HtH® attention. 

By cooling a solution of .table salt saturated at th® ordinary temperature to 15*^, 
X obtained first of all welhformed tabular (Six-sided) crystals, which when warm«td to 
the ordinary temperature disintegrated (with the separation of anhydrous sodium 
chloride), and then prismatio needles up to 20 mm. long wore formed from the Mm® 
solution. I have nos yet investigated the reason of the difforonoo in crystalline form* 
It is known (Mitscherlioh) that NaI,2H20 also crystoUisos either in plates or priimak 
Bodium hroraido also crystallises with 2H.4O at the ordinary temperature. 

10 Notwithstanding the great simplicity (Chapter I., Note 49) of the observation® ©a th# 
formation of ice from solution, still even for sodium chloride they cannot yet b# con* 
sidered as sufiOiolently harmonious. According to Blagden and Eaoult, the tomperatur® 
of the formation of ice flrom a solution contsdning 0 grams of s^t per 100 gram® of water 
« — 0*6c io o«10, aoomrding to Eose^ti » — 0*W0c to c»8*7, ocoor^ng to B® Oopptl 
(to c»I0)«a — 0*6B 0 — O’OOOo*, aooordhigto Karsten (to 0 "s 10) — 0-762c + 0'00$4o% and 
^or^g to Outhxio a much lower figure. By tal^g Bosetti’s figure and applying 
ih® rule i^ven in Chapter L, Not® 49 w® obtain— 

'#«0‘649a ^«2*0ft. 

18*8 

Fick^fing (1898) gives fox o=l-O'608, for c« 2- 1*220; that is (0 up to 2*7) 
-(0*000-f0*006c)o. 

Th® data for strohg solutions are not less contradictory. Thus with 20 p.c. of salt, ic# 
Is formed at -14'4® according to Karsten, -17® according to ©uthxie, —17*6® oewadinf 
to Be Coppei. Iltidorfi states that for strong solutions th® temperatme® of th® formaMco 
of ioe descends in proporlkm to the contents of the compound NaCl,2H$0 (per 100 gromp 
of water) by 0^*842 per 1 giW of salt, and Be Coppet shows that there Is no j^xop<»rP(» 
«lity, in a strict sense, fbr either a pexoentsgb of NaCl ox el NaC^idlBA 
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€sf eoktions of NaCl at 15® (in vacno, takii^ water at 4® as 10,000), 
witli regard to p (t]ie percentage amount of the salt in solution)^ show 
that it is expressed by theequation S,^ = 9991-6 -f 7Pl7p 4 0*2140p®. 
For instance, for a solution 20bH2O + NaCl, in which ca^ p ss= 1*6^ 
a=: 1-0106. It is seen from the formula that the addition of water 
produces a contraction. The specific gravity at certain temperatures 
and concentrations in vacuo referred to wot^ at 4® = 10,000^° is here 



0® 

15® 

30® 

|A4 

8 

0 

jD — 6 

10372 

10353 

10307 

9922 

10 

10768 

10728 

10669 

10278 

15 

11164 

H107 

11043 

10652 

20 

11568 

11501 

11429 

11043 


It should be remarked that Baum^’s hydrometer is graduated by 
tefcing a JO p.c. solution of sodium chloride as 10® on the scale, and 
therefore it gives approximately the percentage amount of the salt in a 


A collection of observations oh the specific gravity of solutions of sodium chloiido 
is ^ven in my work cited in Chapter L, Hote SO. 

Soluiaons of common salt have also been frequently inves^ated as regards ca4e of 
diffusion (Chapter L), but as yet there are no complete data in this respect. B may be 
mentioned that Graham and De Vries demonstrated that diffusion in gek.tinou8 masses 
(for instance, gelatin jolly, or gelatinoxis silica) proceeds in the same manner ae in -water, 
whioh may probably lead to a convenient and accurate method for the investigation 
of the phenomena of diffusion. N. TJmoff (Odessa, 1888) investigated the diffusion of 
common salt by paeans of glass globules of definite density. Ha-nng poured -water into A 
cylinder over a layer of a solution of sodium chloride, he observed during a period of 
sevaral months the position (height) of the globules, which floated up higher and higher 
as the salt permeated upwards. Um of! found that at a constant -temperature the dis' 
tances of the globules (that is, the length of a column limited by layers of definite coq« 
centration) remain constant ; that at a given moment of time the concentration, q, of 
different layers Situated at a depth jst is expressed by the equatimi B~Kir*lc^. (A—g^ 
where A, B, and K are constants ; that at a given moment the rate (ff diffumon of flip 
different layers is proportional to their depth, &c. 

If So be the specific gravity of water, and B the specific gravity of a solution con- 
taining p p.c. of salt, then by mixing equal weights of water and the soliition, we sbaH 
obtain a solution containing ip of the salt, and if it be formed without contractiPn, then its 


fill 

specific gravity x will be determined by the equation - ==-s + -.because the volume is 

X Oo S 

equal to the weight divided by the density. In reality, the specific gravity is always found 
to be greater than that calculated on the supposition of an absence of contraction. 

Generally the specific gravity is observed by weighing in air and dividing the weigd^t 
in grams by the volume in cubic centimetres, the latter being found frean the weight oi 
water displaced, divided by its density at the temperature at which the experiment is carried 
out. If we call this specific gravity Bi, then as a cubic centimetre of air undi^ iflie usual 
conditions weighs about 0*0012 gram, the sp. gr. in a vacuum S = Si + 0'0012 


if the density of water = 1 . 

H the sp. gr. S 2 be found directly by dividing the weight of a soluritHi by 
weight of water at the same temperature and in the same volume, th^ tiie tme gr* 
8 referred to water at 4® is found by multiplying by the q>. gr. of vrai&c at the teni* 
perature of observation. 
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solution* Common salt is somewhat soluble in alcoholi®' but it U 
insoluble in ether and in oils. 

Common salt gives very few eornpounds (double salts) and these 
are very readily decomposed : it is also decomposed with great difSculty 
and its dissociation is unknown.®^ But it is easily decomposed, both 
when fused and in solution, by the action of a galvanic current. If the 
dry saltwbe fused in a crucible and an electric current be passed through 
It by immersing oarbon or platinum electrodes in it (the positive elec- 
trode is made of oarbon and the negative of platinum or mercury), it is 
decompOBed : the suffocating gas, chlorine, is liberated at the positive 
polo and metnllio sodium at the negative pole. Both of them acton the 
excess of water at the moment of their evolution ; the sodium evolve^ 
hydrogen and forms caustic soda, and the chlorine evolves oxygen and 
forms hydroohloiio odd, and therefore on passing a current through a 
solution of common salt metallic sodium win not be obtained— -but 
oxygen, chlorine, and hydrochlorio acid will appear at the positive 
pole, and hydrogen and caustic soda at the negative pole.®^ Thus 
salt, like other salts, is decomposed by the action of an electric current 
into a metal and a haloid (Chapter III.) Naturally, like all other 
salts, it may be formed from the corresponding b|®e and add with 
the separation of water. In fact if we mix caustic soda (base) 
with hydrochloric add (acid), table salt is formecl, HaHO + HOI 
«Na01-hHA 

Accoraing to Sohifl 100 gtams of alcohol, contairiingjp p.o. weight of OsW>t 


dissolves at 

p ■» 10 

20 

40 

(50 

80 

28’5 

22*a 

18'2 

59 

1*2 grams NaOl, 


Amongst tho double salts formed by sodium chlo.ride that obtained by Ditte (1070) 
by tho evaporation of the solution remaining after heating sodium lodate with hydro* 
chloric aoid until chlorine ceases to be liberated, is a remarkable one. Its composition Is 
NaI08,Na01,14H8O, Rammelsberg obtained a similar (perhaps some) salt In well- 
formed crystals by the direct reaction of both salts. 

*5 But it gives sodium in the flame of a Buneen^s burner (see Spectrum Analysis), 
doubtlesi tmder the reducing action of the elements carbon and hydrogen. In the 
.l^resence ot an excess of hydrochlorio acid in the flame (when the sodium would form 
, eodimn elUorlde), no so^um is formed in the flame and the salt does not communicate 
f Its nsual coloration. 

tou There is no doubt, however, but that chloride of sodium 4 td»o decomposed in 
Its aqueous solutions with the separation of sodium, and that it does not simply miter 
into double decomposition witbt the water (lTa01+!^0»«NaBO+HCl). This is s©e» 
from the fact that when a saturated solution of NaOIis rapidly deoompos^ by oh electric 
current, a large amount o! chlonne appears at the ano^ and a sodiom amalgam forms 
the mercury cathode, which acta but slowly upon the strong solution of sllA 
Oa&ther*s proceed for' the electrolysis of hidne into chlorine end caustic etoda is an 
application of this method which has been already worked in Erigland on ah iadostrifll 
«^e. 
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With respect to the double decompositions of sodium chloride it 
should be observed that they are most varied, and serve as meana 
of obtaining nearly all the other compounds of sodium and chlorine. 

Tlie double decompositiom of sodium chloride axQ almost exclusively 
based on the possibility of the metal sodium being exchanged for 
hydrogen and other metals; But neither hydrogen nor any other metal 
can directly displace the sodium from sodium chloride. This would * 
result in the separation of metallic sodium, which itself displaces 
hydrogen and the majority of other metals from their compound)^ and 
is not, so far as is known, ever separated by them. The replacement 
of the sodium in sodium chloride by hydrogen and various metals 
Can only take place by the transference of the sodium into some 
other combination. If hydrogen or a metal, M, be combined with an 
element X, then the double decomposition XaCi + MX = HaX + MCI 
takes place. Such double decompositions take place under special 
conditions, sometimes completely and sometimes only partially, as 
we shall endeavour to explain. In order to acquaint ourselves wit^ 
the double decompositions of sodium chloride, we will follow the 
methods actually employed in practice to procui^ compounds of 
sodium and of chlorine from common salt. For this purpose we 
will first describe the treatment of sodium chloride with sulphuric 
Acid for the preparation of hydrochloric acid and sodium sulphate. 
We will then describe the substances obtained from hydrochloric acid 
and sodium sulphate. Chlorine itself, and nearly all the compounds 
of this element, may be procured from hydrochloric acid, whilst sodium 
carbonate, caustic soda, metallic sodium itself and all its compounds, 
may be obtained from sodium sulphate. 

Even in the animal organism salt undergoes similar changei^ 
furnishing the sodium, alkali, and hydrochloric acid which take part in 
the processes of animal life. 

Its necessity as a constituent in the food both of human beings and 
of animals becomes evident when we consider that both hydrochloric 
acid and salts of sodium are found in the substances which are separated 
out from the blood into the stomach and intestines. Sodium salt® 
are found in the blood and in the bile which is elaborated in the 
liver and acts on the food in the alimentary canal, whilst hydro- 
chloric acid is found in the acid juices of the stomach. Chlorides of the 
metals are always found in considerable quantities in the urine, and if 
they are excreted they must be replenished in the organism ; and for 
the replenishment of the loss, substances containing chloiine compoucufe 
must be taken in food. Not only do animals <K>nsum6 th<®e small 
amounts of sodium chloride which are found in drinkmgwatfirorin plants 
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or other ammals^butexperiencehas she writ that many wild animals travel 
lohg distances in search salt springs, and that domestic animals 
which in their natural condition do not require salt, willingly take 
it, and that tile fuUctions of their organisms become much more regular 
frorh their doing so. 

27^6 action qf mlphurio acid on 8odiu)h chtorid0*--^li sulphurioacid 
he poured over common salt, then even at the ordinary temperature* as 
Glauber observed, an odorous gas, hydrochloric acid, is evolved. The 
reaction which takes place consists in the sodium of the. salt and the 
hydrogen of the sulphuric acid changing places, 

mCl + H,S04 =3 HCl + NaHS04 

Sodium chloride Sulphuric acid Hydrochloric acid Acid sodium sulphate 

At the ordinary temperature this reaction is not complete, but soon 
ceases. When the mixture js heated, the decomposition proceeds 
•until, if there bp sufficient salt present, all the sulphuric acid taken is 
epnverted into acid sodium sulphate* Any excess of acid will remain 
■unaltered. If 2 molecules of sodiuin chloride (117 parts) be taken 
per molecule of sulphudc acid (98 parts), then on heating the’ mixture 
to a moderate temperature only one-half (68*5) of the salt will suffer 
change. Complete decomposition, after which neither hydrogen nor 
chlorine is left in the residue, proceeds (when M7 parts of table salt 
are taken per 98 parts of sulphuric acid) at a red heat only. Then — 

smCl + H 2 SO 4 = ■ 2HC1 + Na2S04 

Table salt Sulphuric acid Hydrochloric acid Sodium sulphate 
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Not only in these two instances^ but in every instance, if a volatile acid 
<Dan be formed by the substitution of the hydrogen of sulphuric acid for 
a metal, then this volatile acid will be formed. Ftom this it may be 
concluded that the volatility of the acid should be considered as the 
cause of the progress of the reaction and indeed if the acid be soluble 
but not volatile, or if the reaction take place in an enclosed space 
w’here the resulting acid cannot volatilise, or at the oi'dinary tempera* 
ture when it does not pass into the state elastic vapour — then the 
decomposition does not proceed to the end, but only up to a certain 
limit. In this respect the explanations given at the beginning of this 
century by the French chemist Berthollet in his work'EssaideStatique 
Chimique ' are very important. The doctHne of Berthollet starts from 
the supposition that the chemical reaction, of substances is determined 
not only by the degrees of affinity between the different parts, but als<> 
by the relative masses of the reacting substances and by those physical 
conditions under which the reaction takes place. Two substances 
containing the elements MX and NY, being brought into contact 
with each other, form by double decomposition the compounds MY and 
NX 5 but the formation o! these two new compounds win not proceed 
to the end unless one of them is removed from the sphere of action. 
But it can only be removed if it possesses different physical properties 
from those of the other substances which, are present with it. Either it 
must be a gas while the others are liquid or solid, or an insoluble solid 
while the others are liquid or soluble. The relative amounts of the 
resultant substances, if nothing separates out from their iutermixtui% 
depend only on the relative quantities of the substances MX and NY, 
and upon the degrees of attraction existing between the elements M, 
N, X, and Y ; but however great their mass may be, and however con* 
siderable the attractions, still in any case if nothing separates out from 
the sphere of action the decomposition will presently cease, a state of, 
equilibrium will be established, and instead of two there will remain four 
substances in the mass : namely, a portion of the original bodies MX and 
NY, and a cei*tain quantity of the newly formed substances MY and NX,* 
if it be assumed that neither MN or XY nor any other substances 
are produced, afid this may for the present be admitted in the case of 

8* If MX and NY represent the mdecnles of two ealtSi and if there he m 

present (such, as water in a solution), the formation of XY wuld lUso he 
possible I for instance, cyanogen, iodine, &c. are capable of combining simply haldd% 
as well as with the complex groups whidi in certain salts play the part of haloida Besidi^ 
which the salts MX and NY or MY with NX may form double salts. K the nunibJaf el 
molecules be unequal, or if the valency of the elements or groups contdned in 
different, as In NaCl HaS04, where Cl is a univalent haloid and SO4 is bivalent, thm W 
matter may be compUcated by the formatioifcol other compoundsbeddeaMY and NXat» 



PRINCIPLES OF OHEMISTBy 


484 

the double decomposition of salts in which M and K are metals and 
X and y haloids. As the ordinary double decomposition here 
merely in the exchange of metals, the above simpMoation is applicable. 
The sum total of existing data concerning the double decomposition 
©alts leads to the conclusion that from salts MX. + NY there* always 
arises a certain quantity of NX and MY, as should be the case 
according to Berthollet^s doctrine. A portion of th© historical Wti| 
concerning this subject will be afterwards mentioned, but we will at 
one© proceed to point out the observations made by Spring ( 1888 ) which 
«how that in a solid state salts are subject to a simdar interchange 

metals if in a condition of sufficiently close contact (it requires 
time, a finely divided state, and intimate mixture). Spring took two 
mon-hygrQsoqpio salts, potassium nitrate, KNOg, and well-dried sodium 
acetate, O^H^NaOs, and left a mixture of their powders for several 
months in a desiccator. An interchange of metals took place, as was 
sem from the fact that the resultant mass rapidly attracted the 
moisture of the air, owing to the formation of sodium nitrat^ NaNO^, 
and potassium acetate, CaHaKOj, both of which are highly hygro- 
scopic.^^ 

When Berthollet enunciated his doctrine the present views of atoms 
and molecules had yet to be developed, and it is now necessary to sub- 
mit the matter to examination in the light of these cmaoeptions j we will 
therefore consider the reaction of salts, taking M and N, X and Y as 
equivalent to each other — that is, as capable of replacing each other 
^in toto,' as Na or Kl, ^Ca or^Mg (bivalent elements) replace hydrogen. 

And since, according to Berthollet’s doctrine, when mMX of on© 
salt comes into contact with wNY of another salt, a certain quantity 
a?My and ujNX is formed, there remains m — ce of the salt hOC, and 
n X of the salt NY. If m be greater than n, then the maT tmutyi 
interchange could lead to a5 = n, whilst from the salts taken there 
would be formed tiMY -f nNX -h (m - n)MX— that is, a portion of on© 

d the ©alts taken would remain unchanged because the reaction 
cotM mfy proceed between tiMX and wNY If x were actually equal 

aaolven* paxtwjipates in the action, and especially if ptesent in large pr<^rU<m,©ie 
phenomena must evidently become still more complex ; and tins is actually the ca»e in 
nature. Hence while placing before the reader a certain portion of th© existing Mom 
of ^knowledge oonomming the phenomena of doable saline decompositions, I cannot <Mn- 
eider ihe theory the subject as complete, and have therefore limited myadf to a few 
data, the comideHon of which must be sought in more detailed works on the subject ol 
theoretical ihennetiy, without losing sight of wlmt has been said abom 

Ills ^ When the mixture of potassium nitrate and sodium acetate was heated hy Spring 
to 100°, it was oorapleteay fused into one mass, although potaastam nitrate fuses at about 
©40° and sodium nitrate at about 820 ° 
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to % thB fcaass of tho mit MX would aot have auy iufluenco ou tlio 
ma(fu$ ojmramii of tho imction, whioh is equally m Ufocordauoo with 
tbe toaeliiiig of Borgamurr, who supjjosod double roactioui to bo ijada- 
peiKloat of .the mans imd dotormlmd by affinity only. If M had more 
affinity ’for X than for Y| and N more affinity for Y than for X, than 
acoortling to BorgRmm.tharo would bo no clocompcmition whatovor» and 
te would equal 0, It tho affinity of M for Y and of N' for X woro greater 
than tlicmi In the original grouping:, then iho affimty of M for X and of N 
for Y would biovtireome, and, according to Bergmaon^a doctrine, coiaploto 
intorciwip would take placo—t.c. z would equal n. According to 
Bcrthollet’i tmdiing, a distribution of M and H between X and Y will 
take pkci in every case, not only in proportion to the degrees ol 
affinity, but also in proportion to tho mames, so that with a small affinity 
and a large nm« the iaiue action can Ikj prtalucod m with a large affinity 
and a small mas®. Therefore, (1) x will always be loss than n and 

their ratio ? lew than unity— that i% tlie decomposition will b© 03C-» 

prwidd by tho oquatitmr ^MX 4- tiNY «« (w — x)MX 4 (ti — x)NY 
4 tMlt 4 xNX j (2) hy Increasing tho mMs m we Increase the d^ 

composition— tliat k, we Increase x and the* ratio until with 

m Ininitoly large quantity m tho fraction ^ will equal 1, and tho do^ 

imip<»tion will be complete however small the affinities uniting MY 
and NX maybe} and (S) »» % by tokingMX 4 NY or MY 4 NX 

wi a«ii^ at one and the wmif syilem in dthm* cam : (n — x) MX 
4 (n — «)NY 4 »MY 4 »NX Th^ ffireot mtmqumm of Ber- 
thciliiit^i tMchIng are veriied hy exporlerum Thus, for e»mple, a 
iniitur© of iclutions of sodium nitrate and potassium chloride In all 
Imii imtlrely tho same prel>crtics m a mixture of solutions of 
poUtiiium suirato and WKlium chloride, of course on condition that the 
mlieci iolutioiii are of Identical elementary composition. But this 
Idiiitity of prepertl« might either proceed from one Bystam of salts 
p»liig tnilrelj into tho other {Borgmaiin’s hypothesis) in conformity 
with the prf«loiiilnatlng affinities (for initance, from KOI 4 NaNO^ 
Hitrii might arlmi KNO| 4 NaOl, if it be admltt^ that the affiaiMet of 
tho tkmeiite m combintd In the latter systtm are greater than in the 
former) | or, cm the other hand, it might he bt»u» Imth systema by 
th© ifitorohaisp of a portion of tlieir elements glveona and th# •am# 
^ i^ullibrittia, M acamllng to Bertholkt’s tmehing, Expori- 
mtnt prev« thi latter hypotiheds to be the true one* But brfore 
#1^ the m«l bktori^ Important Bwttdiet's 
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Bariutti sulphate^ BaSO^, wHch is insoluble in water, .when fusedi 
witb sodium carbonate, Na2C03, gives, but not completely, barium 
carbonate, BaCOa, (^*180 insoluble), and sodium sulphate, Ka2S04. If a 
solution of sodium carbonate acts on precipitated barium sulphate, 
the same decomposition is also effected (Bulong, Bose), but it is 
^restricted by a limit and requires time. A mixture of sodium carbonate 
and sulphate is obtained in the solution and a mixture of barium carbo- 
nate and sulphate in the precipitate. If the solution be decanted off 
and h fresh solution of sodium carbonate be poured over the precipitate 
then a fresh portion of the barium sulphate passes into barium carbonate, 
and so by increasing the mass of sodium carbonate it is possible to- 
entirely convert the barium sulphate into barium carbonate. If a 
definite quantity of sodium sulphate be added to the solution of sodium 
carbonate, then the latter will have no action whatever on 
the barium sulphate, because then a system in equilibrium deter- 
mined by 'the reverse action of tho sodium sulphate on the barium 
carbonate and by the presence of both sodium carbonate and sulphate in 
the solution, is at once arrived at. On the other hand, if riie mass of 
the sodium sulphate in the solution be ^eat, then the barium carbonate 
is reconverted into sulphate until a definite state of equilibrium is 
attained between the two opposite reactions, producing barium carbonate 
by the action of the sodium carbonate and barium sulphate by the action 
of the sodium sulphate. 

Another most important principle of BerthoUet’s teaching is 
the existence of a limit of exchange decomposition^ dr the attain* 
merit of a state of equUU^rium, In this respect the determinations of 
Malaga ti (1857) are historically the most important. He took a 
mixture of solutions of equivalent quantities of two salts, MX and 
ITY, and judged the amount of the resulting exchange from the 
composition of the precipitate produced by the addition of alcohol. 
When, for example, zinc sulphate and sodium chloride (ZnS04 
2KaCl) were taken, there were produced by exchange sodium sul- 
phate .and zinc chloride. A mixture of zinc sulphate and sodium, 
sulphate was precipitated by an excess of alcohol, and it appeared 
from the composition of the precipitate that 72 per cent, of the salts 
kken had been decomposed. When, however, a mixture of splutions 
of sodium sulphate and zinc chloride was taken, th^ Jvtecipitate pre* 
sented the Isame composition as before — that- is, about 2$ per cent, of .the 
salts taken had been subjected to decomposition. In & similar 
ment with a mixture of sodium chloride and magnesium sulphate 
2NaCl 4- MgS04 or MgCl2 + lTa2S04, about half of the metals undiWPt 
went the diecompositiQii, which may be expressed by 
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4Ka01 + 2MgS04 2NaCl + MgS04 + NaiS04 + MgClg = 2Na2S04 4* 

, 2MgCl2. A no less clear limit expressed itself m another of MalagutPs 
researches when he investigated the above-mentioned reversible reactions 
of the insoluble salts of barium. When, for eicample, barium carbonate, 
and sodium sulphate. (BaCOa + Na2S04)- were taken, then about 72 per 
oent, oi the salts were decomposed, that is, were converted into barium 
sulphate and sodium carbonate. But when the two latter salts were 
taken, then about 19 per cent, of them passed into barium carbonate 
and sodium sulphate. Probably the end of the reaction was not 
reached in either case, because this would require a considerable time 
and a uniformity of conditions attainable with difficulty. 

Oladstone (1855) took advantage of the colour of solutions of 
different ferric salts for determining the measure of exchange between 
metals. Thus a solution of ferric thiocyanate has a most intense 
red colour,, and by making a comparison between the colour of the 
resulting solutions and the Oolour of solutions of known strength 
it was possible to judge to a certain degree the quantity of the 
thiocyanate formed. This colorimetric method of determination has 
an important significance as being the first in which a method was ap- 
plied for determining the composition of a solution without the removal 
of any of its component parts. When Gladstone took equivalent quanti- 
ties of ferric nitrate and potassium thiocyanate — Fe(N03)3 -f 3KCNS 
— only 13 per cent, of the salts underwent decomposition. On 
increetdng the mass of the latter salt the quantity of ferric thio- 
<jyanate formed increased, but even when more than 300 equivalents of 
potassium thiocyanate were taken a portion of the iron still remained 
as nitrate. It is evident that the affinity acting between Fe and NO3 
and between K and CNS on the .one hand, is greater than the affinity 
acting between Fe and ONS, together with the affinity of K for ]Srb3, 
on the other hand. The investigation of the variation of the fluor- 
escence of quinine sulphate, as well as the variation of the rotation of 
tlie plane of polarisation of nicotine, gave in the hands of Gladstone 
mmiy proofe of the entire applicability of Berthollet’s doctrine, and in 
particalar demon^rated the infiu^ce of mass which forms the chief 
distanetave of the teaching of Berthollet, teaching little appre- 

ciated in his own time. 

At Mie beginning of the year 1860, the doctrine of the limit of 
and cl tlie influence of mass on the process of chemical trans- 
ittoathms received a very important support in the researches of 
and P. de Saint-Gill^ on the formation of the ethereal salts 
B>X from the akxiiiols ROH and acids HX, when water is also formed* 
This conv^<m is essentially very similar to the formation of salts, but 
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differs in that it pmeeads slowly at thQ ordinary temperature, extend- 
ing (war whol<5 years, and Is not eomplete—tlmt ia, it haa a distinct 
limit deteroiined by a reverse reaction ; thus an ethereal salt RX with 
wiiU^r givoH ivn alctdiol IKIII and an acid IIX~~up to that limit 
generally corresponding with two-thirds o! the alcohol taken, if the 
action proceed l^etween molecular quantities of alcohol and acid. Thus 
oommon alcohol, Oall^OH, with acetic, iwid, IlC-jlIaO^, gives the follow. 
Ing system rapidly when heatcxf, or dowlj at the ordinaiy tein|>C5rature, 
liOlf + IIX + 2RX + mL/\ whether wo start from SRHO + 3HX 
or from 3RX -f The process and completion of the reaction in 

this mstance are very easily observed, Iwauso the quantity of free 
acid ii easily determirmd from tlio amount of alkali roquisito for its 
tatu ration, ns neither alcohol nor othereal salt acts on litmus or 
other reagent for acids. Under the inllutuico of' aix increased mass 
of filcoliol the rcactioii proccfnls furilicr. If two molecules of alcohol, 
IlliO, 1 Ml f.iikt‘n for civt'ry one niolcculo of acetic acid, IIX, then instead 
of dCl p.c., H3 p.c. of the acid |msi©s into ethereal salt, aiid witii fifty 
luolooul^ of Elio naarly all the acid is etherlsad. Th© rtsoarditi ^ 
McniohttiMn to ^®ir deUlM touched on many Important aspects of 
iamo fubjoe^ tueh as th© lnflu«ne© of Iho composition idcohol 

and licicl on the limit and rate of ©xchango— but those, as wdd as other 
dotfiili, niii.st bo lookml for in Rpscial trciitimjs on organic and tlieoretical 
©homistry. In any mum the itudy of cthcriti cation has supplied chemical 
mi^hanlci witik dmr and viduablc data, which directly confirm the 
two fmidaiiimtal proj^iMons of Berthollet ; the influeme© of maw, 
and tht lolt ot that is, tibt equilibrium botw^n oppmit© 

ir«^ioiif. study ^ aumoroui imUmom ci di^oiaMon wMA w© 
havo tlrtiidy touohMl on, and shall s^in m.o©t mitk m »v«ral 
occasioni, gave tho same rtiuHs, With r^poct to douMt wJhn© 
d<X!ompo«itii>nK, it hi also necessary to mention th© roiearoto of 
Wietlemnnn on the decoin|K>8ing action of a mass of water on th© 
ferric m!tf 4 , which could Im determiniMi by measuring th© magrkctism 
d! til® noliiiioris, toicaiii© the ferric oxide (iolubio colloid) sat fn^ by 
the water fi leaii inagnutlo tliaii th© ferric Milts. 

A viiiy liii|H)rtiMit ei'K'ich in th© Witory of Bcrthollot^s doctrine was 
^ttalnid when, in ISfiT, tli© Noi*w©gIan chemitti, Ouldiiarg and Waa^ 
©xpruitfied it an an al||cbraical formula Tlniy defined th© aotiv© ma^ 
a» til© iiuittlicr of iiioloouks cotitedned in a fiv«k volume, and assumed, 
m followH from the •pirit of l$©rtholtet% teMhing, that tb# action hi* 
twntn Idiii iiilistances wai cc|ual to th© proiluct of th© ^ tht 

rmetiiif iulBtanoci. Hcnc© if tlk© salti MX and NY Ito takaa. in 
«quivil©nt quanUttoi 1 and ■« 1) and ^i© salt® MY w4 NX W 

^7 
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not to ruintann b«t Inm it. th^it if * 

wffittPiil tof tli# i»t« Ilf »ciioii MX till KY 4ii»i if 4’ rif| rf^mi 
till? «tiip iwflblttiil f«»f MY mi4 KX, wit ilwH n^l 

ill# t|l|illi#lll Wlwn l^« li#^li|l|M«lil4«W r^ltlAk m iiir^'siiirt Ilf ^r||«|| f,||, 

till* iiml pdr : ift — | .lir I j'.r, fiml ^ 

it*ti <4 m limit i»ill tm wlmu k {I - r’l* k's\ 

wlitn^i lk« fmlld l/t* m {jr;|l -« -#)]’■ In ili- *'« mirt t#f Ilf 

iygy©B of iil©Dl«:»l dll Ml ftcki, ** I i 

ttiat ii, til® fmi'llftfi df ill® **14 %h0 »4:ul II f4nir lati*r-3 «.i |i4*i ^ 

tl»t of llio t^liitriml mil dn w'iil^r. If 4^'i i« tiiitft 

i90mnr« t^/* »disf nut^ fm mw%!^ ii^Urm%n-!^J il Tlins if if«|f^} 

of OH® liidiwttle of nl-wlidl tit« \m Ultm, tli*^n ^^ili 1^ 

■^S ») (1 » 0 firMvr |«>r * wliii II m #|i»| 

lo 1^ Willi of tlptriail^i. If rif -ft|c.».4iv4 hm lii#ft 

m |wr« tol»ifc|ppniilttiiil»lf ICMl |i®r mkkh h Uuml iislw it# 

111 II !i liaiMiiillik t4i iilijiicl llii ttmtmtkm of t*lt« utiy 
dirfctly iwftilt^i.nii In tlml wliic^ it m% »i'Wt«i In 

Cillofi. Mmij offort# lioir^tpr, %mm% $nmh u% injIi'P I|i« |if«|i|«|pl 
of lln iii«»tir» of w«lliiii In tlili eiMid 4«**. Tliiii* f*ir ii,*#iii|it% 
EWoblMk| (IPi), Piliiftlf iii4 loMiy «i|itif« inv^iigit^tl A# 

4litoliiilte Ilf md kiJ-dii pooii# k% ili® tmm i4 mn tiir4iii| 

itfifiil. tekM til mmm^ m ii£l«l» « f»f anwi^f^iplf wiili »ii oiiaW: 

of lilt di!^bii.lton ol liiiwi liti^iiitii^ fulfil irm iw mi in 
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aetioB (fi>r i^iwnples in the ease of CaClj 4- NagOOa, 
f CaCOj WHS pr4iclpit4J.ted in five minutes, 85*per cent in tliirtj 
:3, ruul 1)4 |H*r e«nt. m two clays) cletermined by the temperature, 
a miu.iS|aml iimount of water (a largo mass of water decreases Ih# 
)ut iliat till! litwit of decom|wsition was alsi> dependent on these 
cm However, oven in researclies of this kind the conditions 
tioii me wiiiplicatdi by the iion^muformity of the media, irias- 
m a |M>rtion of tlin iubstance is obtained.orremains in the form of 
pitate, » that th© iyitem Is beterogeneouE. Xhe investigation of 
iaiina* decomiKMilons offers many difikultlti which cannot b# 
rod m yet entirely overcome. Although many efforts have long 
made, the tnajority of the researches ware carried on in 
g solutionw, and iw wafer in itsedf a saline compound and 
coisibiue witli talta inu! outer into double docompoaitiem with 
inch imctiotis inking place in solutions in reality present very 
X cases. In this nmme ifio reaction between alcohols and acids- 

m ex&nijik tw» mtihodi^aiaf mtisileuitl, ajad Oilwidd'i. Tliomi#n 

iplW a to dduto telattoat without tohtog 

If into toflhtr mmlikfrilton. £b took of wia 

pf KaMO, i'ulphurlo mM coatotniAi' IH11SO4 4 lOOH,^. In toat ihm 

I b# I« ftuch lltal atomk pfonortioaii ol actid Mid alkali would 

tofty gwuii d mmU4 itnla (which to Ito «Quiv&ltttt) tbtro , idiould 

injwl 411 gMiM o( tiwliihwrks H,«ui, aiwl thun ^ l&,W4iS hmt uuito would ho ©volvod. 
wriiwl Midium »u1iihjit*« no forwod te mbuid vdUi n mulvadoato of iulphurto 

’ertolu tinesiii <»f hvai !»* nW^rtoKl, uMUoljr a quuatity equal to heal 

Ib #1 caittib tiMla, to combiaiug wiU* aa equivalent of nltiia aeid, 

4 llfilf iftito of litifcl, Mid ll» »upiii»tottoa of Hi# asuounl of iiikto acid uutoito 
l^bu #1 Itel Im mah ittilvilinl ^wd to >**t? uailii ^ m ako ia eomhiamf wiih 
»to. 4 Il,f40 hm^ mnili $m and tor taeh oqulvakat ol hydro> 

ferfd Itayewi thto i«oi»t &•» » &toofh©d -Sihml uaito*. Xhoaiwa wtotd 

I ot iiVM MuimI Mils, idUm aulnhato, nodium ohtoHdt iodium 

«4il which ii i»l contAiinid ia k; tor iaitouc^ lie mixed m ftolufetoa idtowi 
wiili tt wdiitit.tM «»f nitric acki and ditomiintd Ihe aumh«r of htal mtt'lli 
An <•? to’^i onnis*d Iwrauw a normal aalt was Ukea to feh« 

Amt\ »nd liw» of all tlw irbovii noaaal wdto witJi'i acid |»rmluc«i m 

»ii il Uc«t. TtiP losuiunt «f hoai ahMnhtd otiahlod him to obtoto un innight into 
mw Iftkiiig |4*i«» III lliii mliliiw, for aul|thttrio aeld ealdcd to indium Hul|»hato 
!% roiiftiilwmbh^ «|tianyiy of heal, wliilife h|drodlduric and ttitrb atidw abwrV a 

II aWHtitii «if lipiii in llito €»»»♦♦, isitotog mu equivatoul of twiium sulnhato 

..Hi» iiBwItftw <*f tsilric acidic Tkimpon ahaorved timt tlto amomd 

‘fliuil III* lOiwd mrnm »ml piow m Iho attwiittfc of uitrio add wn# itt*ir#ftiid| tout 

l*l«w iwr |Najl4U|, htsa h^ tialti w«ro atooibed pr equlvakafe 
Uiiiwl «t Him ».> wil|il»to. Wbtft twice m rnwh uiurto aeM wat 
I#* Ills'**® i»tw* m awfli, hmi atoto wt» U»A 

r»»in|4cb» in Ik* «•» wii«r« «e of atorfo atWI w^. 

r #qiii%id#id <4 H%S4i % Hwa'ictiwltof to calttojidi^ from ilmll« ^tofeii 

if# hwii taiito of liral, wbde to reality oaly «- 1,1 SS w«». 

'* that a dbi^omital nf oidy i^ul iw0*toirf» ol Ihl 

3 hfti 1% toft Mito I s 
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is much more simple, and therefore its significance in confirmation 
of Berthollet^s doctrine is of particular importance. The only cases 

and NaN03+ iH2S04 is equal, £^s for ethereal salts, to 4. By taking this figure and ad* 
mitting the above supposition, Thomsen found that for all mixtures of soda with nitric 
acid, and of sodium nitrate with sulphuric acid, the amounts of heat followed Guldberg and 
Waage's law ; that is, the limit of decomposition reached was greater the greater the 
mass of acid added. The relation of hydrochloric to sulphuric acid gave the same results. 
Therefore the researches of Thomsen fully confirm the hypotheses of Guldberg and 
Waage and the doctrine of BerthoUet. 

Thomsen concludes his investigation with the words: {a) ‘When equivalent 
quantities of NaHO, HNO5 (or HCl) and ^H2S04 react on one another in an aqueous 
solution, then two-thirds of the soda combines with the nitric and one-third with the 
sulphuric acid ; (&) this subdivision repeats itself, whether the soda be taken combined 
with nitric or with sulphuric acid ; (c) and therefore nitric acid has double the tendency 
to combine with the base that sulphuric acid has, and hence in an aqueous solution 
it is a stronger acid than the latter.* 

‘It is therefore necessary,’ Thomsen afterwards remarks, ‘to have an expression 
in^cathig the tendency of an acid for the saturation of bases. This idea cannot be 
expressed by the word affinity^ because by this term is most often understood that force 
which it is necessary to overcome in -order to decompose a substance into -its component 
ports. This force should therefore be measured by the amount of work or heat employed 
for the decomposition of tiiie substance. The above-mentioned phenomenon is of an 
entirely different nature,* and IThomsen introduces the term avidity , by which he desig- 
nate the tendency of acids for neutralisation. ‘ Therefore the avidity of nitric acid with 
respect to soda is twice as great as the avi<^ty of sulphuric acid. An exactly Bimilar 
result is obtained with hydrochloric acid, so that its avidity with respect to soda is also 
dtmble the avidity of sulphuric acid. Experimeuts conducted with other acids showed 
ttot not <me of the adds investigated had so great an avidity as nitric acid ; some had a 
gceater aridity -fhan sulphuiio add, others less, and in some instances the avidity 
Tho reader wfil naturahy see dearly that the path chosen by Thomsen deserves to be. 
worked out, for bis results concern important questions of chemistry, b^t great faith 
cannot be placed m fiie deductions be has already, arrived at, because great complexity 
Of relabons is to be semx in the very method of his investigation. It is especially 
important to tom attention to the fact that all the reactions investigated are reactions 
of double decomposition. In them A and B do not combine with C and distribute them- 
sdves according to their affinity or avidity for combination, but reversible reactions are 
indnced. MX and NY give MY and NX, and conversely ; therefore the affinity or avidity 
fi>r combination is not here directly determined, but only the difference or relation of tlie 
affimties or aridities. The affinity of nitric arid not ’only for the water of constitution, 
but also for that serving for solution, is much less than that of sulphuric acid. This is 
seen fcom thermal dala. The reaction N2O5+H2O gives +8,600 heat units, and the 
scbitimL of the resultant hydrate, 2NHO5, in a large excess of water evolves +14,986 heat 
The f<umati£UL erf SOj+H^O evolves +21,808 heat units, and the solution of 
man of water 17,860 — that is, sulphurio acid gives more heat in both cases. 

The mteiriian^ between Na3S04 THNOjy is not only accomplished at the expense of 
&e ptodimtion of NaNOa^ kut at expense of the formation of H2SO4, hence the 
^nnity of sulphurio amd for water pl^s its part in the phenomena of displacement 
Tberefesre in de^rmmationa like tihose made by Thomsmi the water does not form a 
oa^um which is present -without paxtici£m,ting in the process ; it also takes part in the 
teaction. (Compare Chapter IX., Note 14.) 

WYM regaining essentially tim methods of Thomsen, Ostweld (1876) determined the 
mdation <rf tbesp. gr, (and afterweai^crf volume),proceediiig in the dilute solutions! 

» tile safemtiem of trid8l^ba8e% imdm1be decomposition of the salts of one^cid by 
1^ otixer, and arrived at wmrin^jsni «f the same nature as Tfeomseu’s. Ostwald’s 
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wLich can be compared with these reactions for simplicity are those 
exchange decompositions investigated by G. G, Gustavson, which 

method will' be clearly xinderstood from an example. A solution-of caustic soda containing; 
an almost molecular (40 grams) weight per litre had a specific gravity of 1'040C1. The 
specific gravities of solutions of equal volume and equivalent composition of sulphuric 
and nitric acids were 1'02970 and 1*03084 respectively. On mixing the solutions of 
JSTaHO and H2SO4 there was formed a solution of Na2S04 of sp. gr. 1*02959 ; hence 
there ensued a decrease of specific gravity which wo will term Q, cqu.al to 1*01051 
4*1’02970“"2(1*02959)» 0*01103. So also the specific gravity after mixture of the solutions 
of NaHO and HNO3 was 1*02638, and therefore Q= 0*01869. When one volume of the 
solution of nitric acid was added to two volumes of the solution of. sodium sulphate, a 
solution of sp. gr. 1*02781 was obtained, and therefore the resultant decrease of sp. gr. 

<3i=: 2(1*02959) + l*03084 -3(l*02781)c=0*00659. 

'Had there been no chemical reaction between the salts, then according to Ostwald's 
reasoning the specific gravity of the solutions would not have changed, and i£ the nitrip 
acid had entirely displaced the sulphuric acid Q2 would bo —0*01869 — 0*01103 = 0*00760. 
It is evident that a portion of the sulphuric acid was displaced by the nitric acid. But the 
measure of displacement is not equal to the ratio beWeen Qi and Q^, because a decreas© 
of sp. gr. also occurs on mixing the solution of sodium sulphate with sulphuric acid, 
whilst thp mixing of the solutions of sodium nitrate and nitric acid only produces a slight 
variation of sp. gr. which falls within the limits of experimental error, Ostwald deduces 
from similar data the same conclusions as Thomsen, and thus racpnfinns the fonnula 
deduced by Guldberg and Waage, and the teaching of BerthoUet. 

The participation of water is seen still more clearly in the methods adopted by 
Ostwald than in those of Hiomsen, because in the saturation of solutions of acids by 
alkalis (which Kremers, Reinhold, and others had previously studied) there is observed, 
not a contraction, as might have been expected from the qutintity of heat which is then 
evolved, but an expansion, of volume (a decrease of specific gravity, if wo calculate as 
Ostwald did in his first investigations). Thus by mixing 1,880 grams of a solution of 
eulphuric acid of the composition SOs + ioOHgO, occupying a volume of 1,815 c.c., with a 
corresponding quantity of a solution 2(NaHO-i-5H20), whoso volume « 1,798 c.c., we 
obtain not 8,608 but 8,633 c.c., an expansion of 25 c.c. per gram molecule of the resulting 
ealt, Na2S04. It is the same in other cases. Nitric and hydrochloric acids give a still 
greater expansion than eulphuric acid, aud potassium hydroxide than sodium hydroxide, 
whilst a solution of ammonia ^ves a contraction. The relation to water must be con- 
sidered as the cause of these phenomena. When sodium hydroJcide and sulphuric acid 
dissolve in water they develop heat and give a vigorous contraction ; the water is sepa- 
rated from such solutions with great difficulty. After mutual saturation they form the 
salt NaaSO^, which retains the water but feebly and evolves but little heat with it, e.e., in 
other words, has little affinity for water. In the saturation of sulphuric acid by soda the 
water isj so to say, displaced from a stable combination and passes into an unstable com- 
bination ; hence an expansion (deci'ease of sp. gr.) takes place. It is not the reaction of 
the acid on thq alkali, but the reaction of water, that produces the phenomenon by which 
Ostwald desii'es to measure the degree of salt formation. The water, which escaped 
attention, itself haa affinity, and infiuences those phenomena which are being investigated. 
•Purthermoi*©, in the given instance its influence is very great because its mass is larges. 
Wlien it is not present, or only present in small quantities, the attraction of the base to the 
acid leads to contraction, and not expansion. Na^O has a sp. gr. 2*8, hence its molecular 
Tolume e» 22 ; the sp. gr. of SO5 is 1*9 and volume 41, hence the sum of their volumes is ®3{, 
for N%S04 the sp, gr. is 2*65 and volume 68*6, consequently there is a contraction oi 10 c.o, 
per gram-molecule of salt. The volume of ££3804=58*8, that of 2NaHOaBB7'i; there itt 
produced 2H3O, volume = 86, 4- Na38p4, volume « 58*6w There react 90*7 ec., and on sate- 
ration there re^t 89*8 ee-; consequently contraotkm again ensuen^ las<9b an^ 
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ta^e place between CCI4 and RBr„ on the one hand, and CBr4 and 
RCl^ on the other. This case is convenient for investigation inas-i 
much as the RCl^ and RBr„ taken (such as BCI3, SiCl4, TiCl4, 
and SnCl4) belong to those substances which are decomposed 
by water, whilst CCI4 and CBr4 are not decomposed by water ; and 
therefore, by heating, for instance, a mixture of CCI4 -h SiBr4 it ia 
possible to arrive at a conclusion as to the amount of interchange, 
by treating the product with mter, which decomposes the SiBr4 left* 
unchanged and the SiCl4 formed by the exchange, and therefore 
by determining the composition of the product acted on by the water 
it is possible to form a conclusion sis to the amount of decomposition. 
The mixture was always formed with equivalent quantities — for in- 
stance, 4BCI3 + 3CBr4. It appeared that there was no exchange 
whatever on simple intermixture, but that it proceeded slowly, 
when the mixture was heated (for example, with the mixture above 
mentioned at 123® 4*86 per cent, of Cl was replaced by Br after 14 days^ 
heating, and 6*83 per cent, after 28 days, and 10*12 per cent, when 
heated at 150® for 60 days). A limit was always reached which 
corresponded with that of the complemental system j in the given 
instance the system 4 BBr 3 -f 3 CCI 4 . In this last 89*97 per cent, of 
bromine in the BBrj was replaced by chlorine ; that is, there were 
obtained 89*97 molecules of BCI3 and there remained 10*02 molecules 
of BBrj, and therefore the same state of equilibrium was reached as 
that given by the system 4BCI3 3CBr4, Both systems gave one and 
the same state of equilibrium at the limit, which is in agreement with 
BerthoUet’s doctrine.*^ 


although tlus reaction is one of substitution and not of combination. (Consequently th^ 
phenomena studied by Ostvmld depend but little on the measuro of the reaction of thJ 
salts, and more on the relations of the dissolved substances to water. In substitutions* 
for instance 2iraN03+H2S04s=2HN05+Na^S04,- the volumes vary but slightly: in the 
above example they are 2(88*8) + 58 8 aud 2(41*2) +'58*6; hence 181 volumes act, and 188 
volumes are produced. It may be concluded, therefore, on the basis of what has been said, 
that on taking water into consideration the phenomena studied by Thomsen and Oatwald 
are much more complex than* they at first appear, and that this method can scarcely 
lead to a correct interpretation as to the distribution of a>cids between bases. We 
may odd, that P. D. Chroustcheff (1890) introduced a new method for this class of, 
research, by investigating tke electro*conductivity of solutions and their mixtures, and 
obtained remadcable results (for example, that hydrochloric acid almost entirely displaoeil 
formic acid and only § of sulphuric acid), but details of these methods must be looked^ 
for in text-books of theoretical chemistry. 

G. G. Gustavson's researches, which were conducted in the laboratory of the 
St. Petesburg XJniversity in 1871-72, are among the first in which the measure of 
the affinity of the elements for the halogens is recognised with perfect clearness in the limit 
of substituKon and m the rate of reaction. The researches conducted by A. L. Potilitaitt 
(of wluid}^ mention v^be made in Chapter XI., Note 66) in the Rama laboratory tench on 
another aspect otthe Bame problem wMch bas Q'Ot yet^e magb progress, n^th^ 
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Thm we now find ample ooiafirmatlon from various quarters for the 
following ruloi of Bertboll©% applying them to double saline decom- 
positions * L Prom two salts MX and KY eontatningdifferent haloids 
and metals there result from their reaction two others, MY and JSTX, 
but such a substitution will not proct>ed to the end unless one product 
passes from the iphere of action. 2. This reaction is limited by the 
existence of an equilibrium between MX, NY, MY, and NX, because a 
reverse wacMoa is quite m posMbl# m the direct reaction. 3. This limit 
Is dttemin^ both by the measure of %% active affinities and by the rela- 
tive mass« of the sultetane^ m measured by the number of the reacting 
moleoules, 4. Other conditions l)eing constant, the chemical action is 
proportional to the product of the chemical masses in action.^® 

•Iwidtof Hi and lb# IhM th#oif#lkal «ia# of th® gubjoofe (thaakt 

to Oiiiabwg and V«i’l Itoff) has siH«i boon rapidly puahkl forwiunl If tho re- 
i#w«h#® ol Onstevicm took weoojil of to® Influoato of mass, and woro more fully 
etmeomiuglvotofiiUoi and t«ip«ra,tori% Ihoy would bo vory important, 
booausi of Urn groats siguUloattoo whioh too mm oon*id«^ hat for Uio undtrstonding ol 
doubk iialiM tloomupoiifioui ia tot abiwoi of watar. 

FartoottMTo, Gtiilavioa showed Ihal toe toe atos^o Wolf hi id too element 

(d, St ^ Ai, So) M^blned tollh toe pmJm too amoani of ohl^dne r^laoed 

hy hwttioi hy toe eofiffla of O&4, wfi ^tecatatly to# 1^» toe ol brOTslne 

hf by too aoiott df COI4 m ferwoliae flompounda For Imtonoe, for 

tolwiM wm^ondi toe ptroeal^e of eubeMtoUou (al toe llmfl) ie-^ 

BCli SiCb TiCli Ai01» 811CI4 

101 lt’6 4S-a tl'8 77*S 

It ihooW be ohseired, however, that Thorpe, on toe basis of fils experiments, denies 
tot dt toinoonolttiion. I may montkm on® oonoluslon* whioh it appears to me 

may b« drawn ftr« Ih# abott-oftod fi^wos erf GwtoTiOti, II iliey art iubsucptntly veriSod 
tviii witoltt ttafww limlto, 11 OBti bo ^Itd with BOl*, m wohwif e of toe bromiiw 
1^ Bat whil wouM hi to# rtmll U ft mixed idto OChf 

dttdftiig by tot magnltodi ol tot atomlo B«H, 0»lt, Si»i8, about II p,e. of 

tot ehlorin© woakl im r#plae#d by bwmine. But to what dost tots point f I tWafe that 
tois ehowi IIm existortoe of a motion ol toe atoms in Ih# molooult. The mIXlwt ol OCI4 
and ilWi dona n(\t ttunain in a ecmdllion of atailc equilibrium ; not only ai» Ihe mbtoeuloi 
Ofmialniwi in II In a sUto (rf motion, but also tli# atoms to Ibo moleouki, tmd toe above 
Cgiirn^ 4ir»w the ineaeuro of their tmnilaUon under Ihet# oonditlons, Tim bromine to 
the Gllri i«, mnikm the liwil, iubitllubHi by the ohtortoe of the CCI4 lo ^ quantity of 
tboiil II out of IOC: toal l*,V porlfon of the atomi of bromine previously to thii moment 
In fK'imbItialioii with one atom of otrlmn fiasi over to iho other atom of carbon, and the 
ehtorlfie oyer from tola mor^nd abim of earlmn to replaoti it. Tlnwohsr#, also, In 
toe bomf»gefiP4>u» mmn CCl* all Ibe atoms rrf Cl dt» not wunain ot>nataoily eomblned with 
toe aaitm ak»tiii of carbon, and tk§n i» «a nnrehanpe 0/ oloiws hetwem i-^fereni mote- 
mhi in o m$Mmm aim> This hypollr#iis may to my opinion explain 

Oiwtain |»h*j|ioiii#iia of diwioeiiM^, but toonfh »«ilioninf it I do not oonildor it awth 
while to dwell i»|«m It, I wiil oniy oWrv# that a tlmlliyr hypblliosift su^ttod llidlf to 
m» III «i| reifiaivliea on sohitloni, atti lt«t Ffcoadter onunototod m ttiitiially 
hl^itoeila, and In roeenl limiii a I&# flow ii btf toning to find favour v4to ri^ptelto' toe 
of iaiitie aoloitona. 

» Itertholliil’i towtrtoi l» hardly al all «rff#tt#d to |«rlndpli by toowfnf toal to«e m 

MSMlnwhtoh tow# to m ^boMpoilIlM bsiwtiti b«<mie toe ittriir bo 90 
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Thus i! the salts MX dnd NY after reaction partly formed salts MY 
and NX, then a state of equilibrium is reached and the reaction ceases ; 
but if one of the resultant compounds, in virtue of its physical properties, 
passes from the sphere of action of the remaining substances, then the 
reaction will continue. This exit from the sphere of action depends on 
the physical properties of the substance and on the conditions under 
whi^ the reaction takes place. Thus, for instance, the salt NX may, 
in the case of reaction between solutions, separate as a precipitate,; 
an insoluble substance, while the other three substances remain in solu- 
tion, or it may pass into vapour, and in this manner also pass away 
from the sphere of action of the remaining substances. Let us now 
suppose that it passes away in some form or other from the sphere of 
action of the I'emaining substances — for instance, that it is transformed 
into a precipitate or vapour — then a fresh reaction will set in and a 
re-formation of the salt NX. If this be removed, then, although the 
quantity of the elements N and X in the mass will be diminished, still, 
according to BerthoUet’s law, a certain amount of NX qhould be again 
formed. When this substance is again formed, then, owing to its 
physical properties, it will again pass away ; hence the reaction, 
in consequence of the physical properties of the resultant substances, is 
able to proceed to completion notwithstanding the possible weakness of 
the attraction existing between the elements entering into the com- 
position of the resultant substance NX. Naturally, if the resultant 
substance k formed of elements having a considerable degree of 
affinity, then the complete decomposition is considerably facilitated. 

Such a representation of the modus operandi of chemical trans- 
formations is applicable with great ■ clearness to a number of re- 
actions studied in chemistry, and, what is especially important, • the 
application of this aspect of Bertholletk teaching does not in any way 
require the determination of the measure of affinity acting between the 
mhstances present. For instance, the action of ammonia on solutions 


«mall ffca* ew a large mass wotdd stiU give no observable displacements. The funda- 
coa^iaon for Idle application of BertboUet’s doctrine, as weU as Devill©*s doctrine 
ef reversibility ©f reactions. There are practically irreversible 

^ons^ CCU+2H,0=C0a+4HCl), jnst as there axe non-volatile sub- 

doctrine oi rev^^le reactions and retaining the 
^^ o^empcnrato ofhqmds,iti^ ^ admit the existence of non-volatile 

reactions, without any visible conformity to 
doctoe evidently comes nearer than the oppomte doctrine 
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of salts ; the displacement^ by its means, of basic hydrates insoluble in 
water ; the separation of volatile nitric acid by the aid of non-volatile 
sulphuric acid, as well as the decomposition of common salt by means 
of sulphuric acid, when gaseous hydrochloric acid is formed — may be 
taken as examples of reactions which proceed to the end, inasmuch as 
one of the resultant substances is entirely removed from the sphere of 
action, but they in no way indicate the measure of affinity.^o 

As a proof that double decompositions like the above are actually 
accomplished in the sense of Berthollet's doctrine, the fact may be cited 
that common salt may be entirely decomposed by nitric acid, and nitte 
may be completely decomposed by hydrochloric acid, just as they are 
decomposed by sulphuric acid ; but this only takes* place when, in the 
first instance, an excess of nitric acid is taken, and in the second instance*, 
an excess of hydrochloric acid, for a given quantity of the sodium salt, 
and when the resultant acid passes off. If sodium chloride be put into 
a porcelain evaporating basin, nitric acid added to it, and the mix* 
ture heated, then both hydrochloric and nitric acids are expelled by 
the heat. Thus the nitiio acid partially acts on the sodium' chloride, 
but on heating, as both acids are volatile, they are both converted into 

Common salt not only enters into double decomposition with acids but also with 
every salt. However, as clearly follows from Berthollet's doctrine, this form of decom- 
position will only in a few cases render it possible for new metallic chlorides to be ob- 
tained, because the decomposition will not be carried on to the end unless the metallic 
chloride formed separates from the mass of the active substances. Thus, for example, 
if a solution of common salt be mixed with a solution of magnesium sulpliate, double 
decomposition ensues, but not completely, because all the substances remain in the solu- 
tion. In this case the decomposition must result in the formation of sodium sulphate and 
magnesium chloride, substances which are soluble in water ; nothing is disengaged, and 
therefore the decomposition 2 NaC\ 4 -MgS 04 ==MgCl!j+]Sra 2 S 04 cannot proceed to the end. 
However, the sodium sulphate formed in this manner may be separated by freexing the 
mixture. The complete separation of the sodium sulphate will naturally not take place, 
owing to a portion of the salt remaining in the solution. Kevertheless, this kind of 
decomposition is made use of for the preparation of sodium sulphate from the residues 
left after the evaporation of sea-water, which contain a mixture of magnesium sulphate 
and common salt. Such a mixture is' found at Stassfurt in a natural form. It might be 
said that this form of double decomposition is only accomplished with a change of tem- 
perature ; but this would not be true, as may be concluded from other analogous cases. 
Thus, for instance, a solution of copper sulphate is of a blue colour, while a solution of 
copper chloride is green. If we mix the two salts together the green tint is distinctly 
visible, so that by this means the presence of the copper cHoride in the solution of copper 
sulphate is clearly seen. If. now we add a solution of common salt to a solution of copper 
sulphate, a green colbration is obtained, which indicates the formation of copper chloride. 
In this instance it is not separated, but it is immediately formed on the additien of 
common salt, as it should be according to BerthoUet’s doctrine* 

The complete formation of a metallic chloride horn conomon salt can only occur, 
ludging from the above, when it separates from the sphere of action. The salts of eilVisr 
ore instances in point, because the silver chloride is insoluble in water; and therefore 
|f we add a solution of sodium chloride to a solution of a silver salt, silver chloride and 
tlie sodium salt of that acid which was m the silver salt ai'o formed. 
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In ohot^ioal works thd dooomposMon of sodium obloiidaby means of 
sulphuric acid is carried on on a very large »oale, ohitiy with a riew to 
the preparation of noraoal sodium sulphafce> the hydrochloric acid being 
a byo-produot,®* The furnace employed ii termed atoll mki j%maca 
It is repimented in %. 65, and consisteol folhwing two parts • the 
pan B and the roaster 0, or enclosed space built up of largo briohs 
a and enveldped on all sides by the smoke and names from the flro 
grate, F The ultimate deomoapc^tioii of the salt by the sulphuric 
acid is acoompHihed in rim roaster. But the first decomposition 
of sodium chloride by iidphurio acid does not require m high a 
temperature as the ultimate deoomporition, and is thei»fore carried 
on in the front and cooler portion, B, wh^ bottom is h»ted by gas 
flues. When rim reaction in this portion ceases and thd evolution 
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preparation of soda ash, as will afterwards be described For the present 
Tye will only turn our attention to the hydrochloric acid evolved in B 
and 0. 

The hydrochloric acid ^as evolved is subjected to oondensatjoft by 
dissolving it in water.^^ If the apparatus in which thc^ decomposition 
is accomplished were hermetically closed, and only presented on© outlet, 
then the escape of the hydrochloric acid would only proceed through 
the escape pipe intended for this purpose. But as it is impossible to 
construct a perfectly hermetically closed furnace of this kind, it is 
necessary to increase the draught by artificial means, or to oblige the 
hydrochloric aCid gas to pass through those arrangements in which it is 
to. be condensed. This is done by connecting the ends of the tubes 
through which the hydrochloric acid gas escapes from the furnace with high 
chimneys, where a strong draught is set up from the combustion of the 
fuel. This causes' a current of hydrochloric acid’ gas to pass througli the 
absorbing apparatus in a definite direction. Here it encounters a cur- 
rent of water flowing in the opposite direction, by which it is absorbed, 
It is not customary to cause the acid to pass through the water, but 
only to bring it into contact with the surface of the water. The ab.sorj)- 
iaon apparatus consists of large earthenware vessels having four orifices, 
two above and two lateral ones in the wide central portion of each 
vessel. The upper orifices serve for connecting the vessels together, 
and the hydrodilom acid gas escaping from the furnace passes through 
tl^se tub^ The watm: for absorbing the acid enters at the upper, and 
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iowf ant from tlia lower, vossol, pawing tbrongh the' lateral orilloea 
iti tlio vt?sfi«te. Tlio water flows from thp chimney toward® tho fiiroao© 
and it is tliarcforo iividont that the outflowing water will bo the most 
gaturatocl with add, of which it actually contains about 20 pv €OEt. 
Till! absorption in thoiio voswds i» not coiuploto. Tho ultimate a!i«0'ip- 
iion of ilia liyclroddorlo acid k carried on in tha iK>-callet! coke 
which uTOiilly conshit of two a^acent chimneys. A lattice- work of 
bricks is laid on iho bottom of,thwo towori, on which cokt) k 
pilfd up to the top of the tower. Water, diitributing itself over the 
coke, tricklei down to the bottom of the tower, and In so doing abiorl)S 
ill© liydnMhlorlo acid gas rising npwiinis. 

It will bo nmdily tnulorntnod that hydrochloric add may • be 
obtained from all other matfdlit? chlorides.^'* It k fn't|ueptfy foraiwl 
in other reactions, many of which wo shall imiet with in the further 
eonruG of this work. It in, for instance, formed by the action of 
water on iulphur chloride, phosphorus ddoride, antimony chloride, 
Hl^dfvchk^rw (wid ii a colourless gm having a pungent suffocating 
odour and an add tMto This gM lumM In air and attraeti moliturti 
be«tt^ it forms mpour containing a i^mpundof hjdroohlodicadidand 
water. Hydrochloric add Is llqu^ed by odd, and under a pr^ure dt 
40 atmoipho'n^ii, Into a colourliiss li<|uid of sp. gr. 0*908 at 0®,®^ boiling 
point — IW* and absolute l>oiling |>dnt 4- 52®. Wo have already, seen 
{ClMitptor I.) tlmt hytlrochloric acitl m,>mbinc» very energetically mtk' 
f«lcr, and in m Mug evolves a eonaiderablt^ amount of heat The? 
wilutkin satumted In the ^dd attains a density 1*23, <")n hmting sucK 
m elution wateJolof abmit 45 parte ^ add per 100 |iart% the hydro- 

* fitui Ito chltiriil^ whloh §m i§mm$wmA to a pmtor or !§•• by 

wftlur, with bw4«<». Bwh am, for oxiwupli, MgClf, Aid*, SbO^ SiO%. 
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vegetable dyes, and does not effect many double decompositions wMcb 
easily take place in the presence of water. This is explained by the 
fact that the' gaso-elastic state of the hydrochloric acid prevents its 
entering into reaction. However, incandescent iron, zinc, sodium, 
act on gaseous hydrochloric acid, displacing the hydrogen and leaving 
half a volume of' hydrogen for each volume of hydrochloric acid gas j 
this reaction may serve for determining the composition of hydrochloric 
acid. Combined- with wjater hydrochloric acid acts as an acid 
much resembling nitric acid in its energy and in many of its reactions ; 
however, the latter contains oxygen, which is disengaged with great ease, 
and so very frequently acts as an oxidiser, which hydrochloric acid is not 
capable of doing. The majority of metals (even those which do not 
displace the H from H2SO4, but which, like copper, decompose it to the 
limit of SO2) displace the hydrogen from hydrochloric acid: Thus 
hydrogen is disengaged by the action of zinc, and even of copper and 
Only a few metals withstand its action ; for example, gold 
and platinum. Lead in compact masses is only acted on feebly, 
because the lead chloride formed is insoluble and prevents the furthw 
action of the acid on the metal. The same is to be remained with re- 
spect to the feeble action of hydrochloric acid on mercury and silver, 
because the compounds of these metals, AgCl and HgCl, are insoluble 
in water. Metallic chlorides are not only formed by the action of 
hydrochloric acid on the metals, but also by many other methods ; for 
instance, by the action of hydrochloric acid on the carbonates, oxides^ 
and hydroxides, and also by the action of chlorine on metals and certain 
of their compounds. Metallio chlorides have a composition MQ ; for 
example, NaCl, KCl, AgCl, HgCl, if the metal replaces hydrogen 
equivalent for equivalent, or, as it is said, if it be monatomic or 
univalent. In the case of bivalent metals, they have a composition 
MCI2 ; for example, CaCl2, CUCI2, PbCl2, HgOl^, FeCl2, MiiQ2‘ 
^composition of the haloid salts of other metals prints a further 
* variation ; for example, AIOI3, PtCl4, <fec. Many metals, for instance 
give several degrees of combination with chlonne (FeCl2,FeCl3) 
as with hydrogen. In their composition the metallic chlorides difier 
f ro)n the corresponding oxides^ in that the O is replaced by CI2, as should 
•follow.frena the law of substitution, because oxygen gives OH2, mid Is 
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teraper^turej &c., a® was shown in th© preceding portions of this chapter, 
^aad as will b© frequently found hereafter. 

If hydrochloric acid enters Into double decojnposition with basio 
oxides and their hydrates, this is only .due to its acid properties ; and 
for the same reason it rarely enters into double decomposition with 
aelds and acid anhydrides. Sometimes, however, it combines with the 
latter, as, for instance, with th© anliydride of sulphuric acid, forming 
^0 compound SO^HOl ; and in other cases it acts on acids, giving up 
ite hydrogen to their oxygen and forming chlorine, as will be seen in 
the following chapter. 

Hydrochloric acid, as may already be concluded from th© oompo- 
eition of its molecule, belongs to the monobasic acidsi and does notj, 
therefore, give true acid salts (like HNa 804 or HFaCO^) j nevertheless 
many metallie chlorides, formed from poweriul bases, are capable ol 
^on^inifig with hydrochloric mid^ just as they combine with watc^r, or 
with ammonia, or as they give double salts, Compounds liave long 
hmti known of hydrochloric acid with auric, platinic, and antlmonious 
ohdoridM, and other similar met^c chlorides oorr^ponding with very 
feeble baims. But B^rthelot^ Engel, and others have shown that the 
<<^padty of HCl for combining with is much more frequently 

oneountered than was previously supposed. Thu®, for instance, diy hydro* 
chloric acid when passed into a solution of sdne. chloride (containing an 
excess of the salt) gives in the cold ( 0 ®) a compound H 01 ,Zt)i€l 3 , 2 H 5 | 0 , 
and at the ordinary temperature HCI, 2 ZnOl 5 j, 2 HgO, just as it is able at 
4ow temperatures to form th© crystallo-hydrate ZnCl^, 311.^0 (Engel, 
1886). Similar oompoundsare obtained with 0 d 01 a, 0 u 01 |, HgC4,Ft%Cl|^ 
do. (Berthelot, JDitte, OhdteofiP, I^aeMnofiT, tod others). Thet© com- 
pounds wi^ hydrochloric acid are generally more soluble in water than 
the metallic chlorides themselves, so that whilst hydrochloric arid 
decreaBCi the solubility of M„Cl^, corresponding with on©rgetl 0 bi«s(for 
instance, sodium or barium chlorides), it increase® the solubility of the 
metallic chlorides corresponding with feeble bases (cadmium chloride* 
ferric ehlorid©, do.) Silver chloride, which is insoluble hi water, m soluble 
In hydrochloric arid. Hydrochloric acid also combinoH with certain uii- 
wtumted hydrocarbons (for instance, with turpentine, CioHujjSHOI) and 
ttmlr derivative. Sd-amrmniaOt or ammonia' hydrochloride NH40I 
i« NH*,H01, ribo belongs to this claas of oempunds,^* If hydros 
oUoride ps be mixed with mnmonia gw a solid mnp^d 
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fowdt d NOsCOH)-^ ri ^ istii d 
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CnAFTEB XI 

tllB IIALOOEHa €1IL0I«NI, lODIiTB, AKD FLUORIKB 

AtTiirHHiii hy^lwhliirto aokL lifcft water* li one of the most stable 
iubstaneei* it in noviirtheloig daoompO'Sod not only by the action of a 
galvanifi current,^ but aliio hy a high U^nporature. Sainte-Claire Dcwillo 
afiowwl ilitit «ltaH}m|K>»liion alimtly t.«jcuri at b300'\ l>ecauso a coUl 
tulm (fit with CO* Chapter IX,)eovor0d with an amalgam of Hilvur abnorbs 
chlorlnti from liydrochlorlo acid in a rod»hot tube, and the oscaping 
gft» cwitelni hydrogom V Meyer and Langer (1885) obwrved the d©. 
ofnii|ioiitloii of liytlrf»hloiio aold at 1,690® In a platinum mml * the 
deeotini^itloa in this iMtanot was provdl not only from th© fact 
tiitti hjdrcifwi flidhseci through the platinum (p. 142), owing to which 
th*' viiliimo wa3 dindnislied, but also from cMorino being obtained in 
ilM' rr'Hidm^ (th*^ hydn»gen chloride was mixed with nitrogen), which 
liberated indiin^ fr»im potasfuuni icaUde.^ The usual method for tlio 
prcpiinitiou rld‘«riuo eoniwtii in the abstraction of the hydrogen by 

Thi-> 4r«".i ehleritlt by Ml «li«lrlo cttrrttrt hm btiw 
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Im* iii«4i« 4 in a rrurd4‘n tbn f*»rawr Wing roiiMocUid wiUi lhiioftU«»4# wad a earbou aaod# 
Iinm«r®«4 ©i lin» l*m«t th«n lha U*iui di^mdveii wnlium Mid ohlorltt# i» (li»©»gagtd m pi. 
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hy hcflil 

♦ feo lliw »4*1 |»rn|‘*n'b«« of li|tliwy*»rl§ will wert known wlmn |»lal«d mi 

%h» fi.riiwlipii nf m‘kU by lb© of water wi^ exidiiof the non.mifeali, 

titer tiiciv wfti roaatifi ter lliliikiiii tttfti hydiwWbrlo ftciid was formta by Ih© 
©f.wblrmiiirti «f wmter with llw oiltlii of witn# Il«n^ wh«n obtetoid 

chh»f III** Ilf Ilio ftcibn of hitlwMlitefio wdd on »«!«»#•# ptrcixld* h* eoail4ir«a II ft# 
lh» sMsIil €Miiilftltn^ in mmimmi »ll. Wh*in II l^eam© known IhftI ebtorto# by4ro* 
tlihifto iieli wlih hyitfi^cn, niid lterUMU«l i| to b« ft ewapowad «ddi 

«W©p # m «fulidn©d ha edd. acbty #w>©wd tel M«i* 



niiscm rn or nirMOina 


<liti 


All mqtiimw r^t|^ !..■, ,.4 f,i|. 

t.lifl rVit'lilfltni «'‘»f 1 v:* t» *»» i-*i'5 Al-5!f4 !<*| 

flip lifiir*«'hl«‘rp- m>-nl TIp.s H acr-.^vi^ lK'itvf4 hy *Oi 

• IlhiffitH'i"!, iuni l-HJIy Isy aiv <j| 

% rr-fi lif'iif i l*-‘. 4 .i*:|r .-3 Imm'h, ftlirli irpn ^“i; r^* mu4 f 

hWp Im gi^’p wiib liyilrt'sgr.ti rl‘.l--fp!0 . p. 

|)t?r 4 iilt|i\ |Mil 4 iaahifti f’lil*jr 4 'ii«% fhrvrijiir- 4 -I, *-ic- 'r'*'..i 

i|•|i?.|l*f ittlly rillin|tl*i 111 tliP «’'f fti. 1 l ■■■■.') stifrpjaviiiif 

flir^ r!il*^riiir fr<mi '/lln. t^^nniug II 4 ^ ^ 3*1 >'**. 5.4 

el»lprii}p firs\ 4 *4 0i'iaci3|,;ft||«--4i t-.y i!;<4 Mii-lmn..': «‘.4 

Il|tl4 i*la* ij|f.rir m;j4 |.,-#rt4A||y |.p a % III*"? rr-i^ ft-:j| 

lint. nil wr riliall «w ii^ I# lui ir. nptu| I, »||4 

II l« t.lii^r#fttr»^ tMii miiiAlilw f«*r ili*^ l>fr.|*«^fi%il«»ti 

Illll Iitllf^r wMWtIg mhi^ h girr> mtn v^kuk 

primltt«li wllli liydrfi©.|ik#k mM m^y tar ih^ pfm^> 

«f clil«rlim Amm'tg im mmMmm 4 ■ |K*i 4 i,«.iiii.ri 

ieki if^liiiiii 

|it»rnitlib i« riniitiipiily ^i»*|>.|p|iet| |p ik«% iiii4 m 

A lirgli tm t,||*i f»f cklprliw Tli^^ rliriaicai 

III iliii iiiiijf In* m fi4l»aw^ mn 

llIOl i^ll*l MllC.ln ill Wliic'll l||f» l|»4^ |4llCfl 

«i th« t&m «l Ii|ilfi^-.||* m %hm ehhmin^ ^ii4 

ill MuCti i.wl ill.||0 mm |iftjiii#^^l f|»k>r'isi» rmm* 

potttttii M^Oliii ttol-ndi ii mrf mmiMhh^ it ti|i liii-i 

wMoll. M ft Ifllttl lllft i|i||f?t^ fif Hlvlitsiijj iUlfi n liiirrf « PMi|«<iltifi 

OOftltolfllfl|[ Iftii isliliiflllti lliiitii lliti fli^i li irUiAin§ 

to tli« ftppmiiii ffi wIiIpIi t|.i0 iiii Uluru m hmiml, .llnri* 

4* Tkiftiitlcm liyilrtw^hli^rk ftci*l #4 


•Ibkrte Mill ml ^ 

mrnM 

% hl|k« ot m\^m df Hilt mmmm ift* mmm ^,lhf 4 #^' hh m 

*sld» mmtimikmm% ll wm I# t»is Hkh ##%4 m 

MMl IkMf 1 ^ Iftn llwi .< i 4 *iw 4 

ii^lt imHIm mym%^ $Hm m«,u0 

h mM 0m,m4 *M 3pp,t»4«4 lli.#l *14' inf% 

to*a itaM^t«;M»hMiuMs, fktjp MWMtt H i»» *»«>.k .-..i 

A gWtt iriMT, l««MM «l to pmto i«tor ».» •»!».», IJW* t. .■}«.,*, 


» » mmm M a4-<wP4 hp 

miM» whMi bkv* lli« dmwlM 4 i «l btMii «wy 

!Brfi rt to ffiww* ^ to iwiitoi t, ■»! . 

mk h M IT p** «*|| 

***y**®^ towfcwi towtllf NMitl »H to SWMtJ-Mf- 

S^SML.*MSrwS? ■*■ ***? + Cl* to mhUk MM I* to tol 

tote w t MUMiww Mto Nnu *f»» «»»,{«», ,4 

Ifftototeta tea,to mmni^mm Mlto <wto« »|w» t«i i m a t<««a, 

.ftftogllMSaaadaltoMaMitoaUKSAOMHi^aU* toi»*l»f,*ii«ito»*»#««jfiiM 


THE HALOOENS 


Q,bout 100® In thn laboratory ^^^.pTepo/totion of chloTvojo fa carried on 
in flasks, heated over a water-bath, by acting on manganese peroxide 

8ind hydroohlorio aciid do68 give ohlotine 8<t a red heEt, End rciEction eIso 
plEce at the moment of its evolution in this case. 

All the oxides of manganese (Mn^Oj, MnOg, MnOj, Mn^O,), with the exception of man- 
ganous oxide, MnO, disengage chlorine from hydrochloric acid, hecanse manganons 
chloride, MnCla, is the only compound of chlotine and manganese which exists as a stable 
compound, all the higher chlorides of manganese being unstable and evolving chlorine. 
“Hence we here take note of Wo Jie’J>6aSte^ohEnge8 : (1) an exchange between oxygen and 
chlorine, and (2) flie instability of theiigher chlorine compounds. As (according to the 
law of substitution) in the TObstitution of oxygen -by chlorine, Cl-, takes the place of O, 
the chlorine compounds will contain more atoms than the corresponding oxygen 
compounds. It is not surprising, therefore, tiiat certain of the chlorine compounds 
corresponding 'with oxygon compounds do not exist, or if they are formed are 
very unstable. Ajad furthermore, an atom of qjilorihe is^heavier than an atom of oxygen, 
and therefore a given element would have to retain a large mass of chlorine if in the 
higher oxides the oi^gen were replaced by chlorine. For this reason equivalent com- 
pounds of chlorine do not exist for all oxygen compounds. Many of the former are 
immediately decomposed, when formed, with the eyolntion of chlorine. From this it is 
evident that there should exist such clilorine compounds as would evolve chlorine as 
peroxides evolve oxygen, and indeed a large number of such compounds are knovm. 
Amongst them may be mentioned antimony pentacbloride, SbCl5> which splits up into 
bblorine 'and antimony trichloride when heated Cupric diloride, corresponding with 
copper oxide, and having a composition CuCb, similar to CuO, when heated parts with 
half its chlorine, just as barium peroxide evolves hall its oxygen. This method may 
even be taken advantage of for the preparation of chlorine and'Cuprous chloride, CuCI. 
The latter attracts oxygen from the atmosphere, and in so doing is converted from a> 
colourless substance into a green “compound whose composition is CnjCliiO. With 
hydrochloric acid this substance gives cn^aio chloride (Cn2Cl80-i-2HCl-H204-2CnCi^ 
which has only to be dried and heated jn order again to obtain ohlotine. Thus, in eolntioh, 
and at the ordinary temperature, the compound' CnCb is stable, but when heated it- 
splits up. On this property ie founded Deacon’s process for the preparation of chlorine 
from hydrochloric acid with the aid of air And copper salts, by passing a mixture of air and 
hydrochlprio add at 440° over bricks saturated wilh a solution of a copper aali^ 
(a mixture of eolutibnf ' of CUSO4 and KToaSOi). ChiCls is then formed by the double 
decomposttion o| the salt of copper and the hydrochloric acid} the CuCb liberates 
chlorine, and the CuCi forms CugClaO with theoxygen of the air, which again gives CuCl» 
with 2HC1, and so on. 
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with hydrochloric acid or a mixture of common salt and sulphuric 
acid** and washing the gas with water to remove hydrochloric acid.* 
Chlorine cannot be collected over mercury, because it combines with 
it as with many other metals, and it is soluble in water i however, it 
•is but slightly soluble in hot water or brine Owing to its great 
weight, chlorine may be directly collected in a dry vessel by carrying 
the gas-conducting tube down to the bottom of the vessel. The chlorine 
will lie in a heavy layer at the bottom of the vessel, displace the air, 
and the extent to which it fills the vessel maybe followed by its colour. 

not participate m any way in the reaction, is added to the mixture to prevent its fusing. 
The reactions may be expressed by the following equations-: (1) SMgCb + SMnCb + 80 
« MgsMnsOg + nCl ; (2) MgjMnsOs + 16HC1 « SMgCb + SMnCb + SH^O + 401. As nitric 
add is able to take up the hydrogen from hydroohlorio acid, a heated mixture of these 
adds ia also mnployed for the preparation of chlorine- The resultant mixture of chlorine 
and lowmr oxides of nitrogen Is mixed with air and steam which regenerates the HNO^, 
while the chlorine remains as a gas together with nitrogen, in which form it is quite 
eapahle of bleaching, forming chloride of lime, d;o Besides these, Solvay and Mond’s 
methods of preparing chlorine must be mentioned. The first is based upon the reaction 
CaCl2+Si0a+0(air)«Ca0Si0j + Cl2, the second on the action of the oxygen of the air 
(heated) upon MgCb (and certain similar chlorides) MgCb 4- O lidgO -f Clg. The remaining 
MgO is treated with sal-ammoniac to re-formMgCl2 (MgO + 2NH^Cl « MgCb + H2O + 2NH9I 
and the* resultant again converted into sal-ammoniac, so that hydroohlorio acid 
Is the only substance consumed The latter processes have not yet found much appli- 
cation. 
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Chlorine Is a gas of a yellowish green colour, and has a very 
©uHocating and characteristic odour. On lowering the temperature to 
— 60^ or increasing the pressure to six atmospheres (at 0^) chlorine 
condenses^ into a liquid which has a yellowish-green colour, a 
density of 1*3, and boils at — 34^ The density and atomic weight of 
chlorine is 35*5 times greater than that of hydrogen, hence the molecule 
contains Cl 2 ^ At 0® one volume of water dissolves about volume 
of chlorine, at 10*^ about 3 volumes, at 50^ again volume.® Such 



by a clay stopper, and Is used for the introduction of the hydrochloric acid and 
withdrawal of the residues. The chlorine disengaged passes along a leaden gaa* 
conducting tube placed in the other orifice. A row of these 
vessels is surrounded by a water-batb to ensure their being 
uniformly heated. Manganese chloride is found in the residue. 

In Weldon's process lime is added to the acid .solution of man- 
ganese chloride. A double decomposition takes place, resulting 
hx the formation of manganous hydroxide and calcium chloride. 

When the insoluble manganous hydroxide has settled, a further 
excess of inilk of lime is added (to make a mixture 
SMn(OH)2+CaO-h«CaCl2» which is found to be the best propor- 
tion, judging from experiment), and then air is forced through ^ 

the mixture. The hydroxide is thus converted from a colourless of 

to a brown substance, containing pwoxide, MnOg, and oxide 6i cMoriae on a large 
manganese, JM[n205. This is due to the manganous oxide absorb- 
ing oxygen from the air. Under the action of hydrochloric acid this mixture evolves 
chlorine, because of all the compounds of chlorine and manganese the chloride MnClj 
is the only one which is stable {see Note 3). Thus one and the some mass of manganese 
may be repeatedly used for the preparation of chlorine. The same result is attained in 
other ways If manganous oxide be subjected to the action of oxides of nitrogen and air 
(Coleman's process), then manganese nitrate is formed, which at a red heat gives oxides 
of nitrogen (which are again used in the process) and manganese perodde. which is thus 
renewed for the fresh evolution of chloriria 

^ Davy and Faraday liquefied chlorine m 1823 by heaMng the cryatallo-i^drst© 
CI28H2O in a bent tube (as with NH5), surrounded by warm water, while the o th^rendof 
the tube was immersed in a freezing mixture. Meselan oondeused chlorine m fir^fify-bumt 
charcoal (placed in a glass tube), which when cold absorbs on equal of 

The tube was then fused up, the bent end cooled, and the charcoal heated, by wMch 
means the chlorine was expelled from the charcoal, and the pressure increased. 

® Judging from Ludwig's observations (1868), and from the fact that the coefl&cientcf 
expansion of gasesincreases with their molecular weight (Chapter U., Note 26, for hydrogen 
«B 0*867, carbonic anhy<5ride «= 0*878, hydrogen bromide <= 0*886), it might be expected that 
the expansion of chlorine would be greater tiian that of air or of the gases composing it. 
V. Meyer and Langer (1885) having remarked that at 1,400° the density of chlorine (taking 
its expansion as equal to that of nitrogen) «=29, consider that the molecules of chloxme 
split up and partially give molecules Cl, but it might be maintained that the decrease in 
density observed only depends on the increase of the ooefScimit cf expansmn. 

® Investigations on the solubility of chlorine in water (the solutaons evolve aE th^ 
chlorine on boiling and passing air through them) show many difierent p^uliarife^^ 
Oay-Lussao, subsequ^tly F^otiz©,d^^rmined that the solubility increase between 
€OandS°-10° (from to 2 vols-of chlormeperl00vols.of water at 0^ up to 8ta2fatl(^ 
In the following note we shall ‘see that this is not due to the breaking-upof the hydrate si 
ebout 8° to 10°* but to its formation below 9°. Eosooe observed an metease in seda- 
liilily of chlorine in the presame of hydrcge»-ev«j to the daatk. deteradaei 

^8 
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About 100^ III the laboratory ^^.pr&pafoiion of chlorvne ts carried on 
In Ha'sks, heated over a water-bath, by acting on manganese peroxide 

and hydroohloTic acid doea chlorine at a red heat, end this reaction may also take 
place at the moment of its evolution m this case. 

All the oxides of manganese (Mn2D3, MnO^, MnOs, with the exception of man- 

ganous oxide, MuO, disengage chlorine from hydrochloric acid, because manganous 
chloride, MnClj, is the only compound oFchlbtine and manganese which exists as a stable 
^^mpound, all the higher chlorides of manganese being unstable and evolving chlorine. 
"Henc^ we here take note of two:sep6aScte?-€hange8 : (1) an exchange between oxygen and 
cblorme, and (2) iSbe instability of thehigher cMoiihe compounds. As (according to the 
law of substitution) in the substitution of oxygen' -by chlorine, CL, takes the place of O, 
the chlorine compounds will contain more atoms than the corresponding oxygen 
compounds. It is not surprising, therefore, that certain of the chlorine compounds 
corresponding 'with oxygen compounds do not exist, or if they are formed are 
very unstable. And furthermore, an atom of (ferine is^heavier an S rV^Tn of oxygen, 
and therefore a ^yen element would have to retain a large mass of chlorine if in the 
higher oxides the o^gen were replaced by chlorine. For this reason equivalent com- 
pounds of chlorine do not exist for all oxygen compounds. Many of the former are 
iznme^iiate^ decomposed) when formed, with the evolution of chlorine. From this it is 
evident that there should exist such chlorine compounds as would evolve chlorine as 
peroxides evolve oxygen, and indeed a large number of sueh compounds are known. 
Amongst them may be mentioned antimony pentachloride, SbClg* which splits up into 
oblorine 'and antimony trichloride when heated. Cupric cdiloride, ccHrespoudisg with 
copper oxide, and having a composition CuCla, &mlar to CuO, wh«i h^t^ purte wiSi 
half its chlorine, just as barinm peroxide evolves half its oxygen. This method may 
even he taken advantage of for the preparation of chlorine and-cuprcfus chloride, CNiCi 
The latter attracts oxygen from the atmosphere, and in so doing is convert^ from a 
colourless substance into a green •compound whose compositiou is CusCl^O. With 
hydrochloric acid this suhstahee gives cupaio chloride (Cu5Cl30+2B[Cl=H20-f aCuCig), 
which has only to be dried and heated in order again to obtain chlorine. Thus, in solution, 
and at the ordinary temperature, the compound’ CuCl2 is stable, but when heated it- 
splits up. On this property is founded Deacon's process for the prepamtion of chlori^ 
from hydrochloric acid with the aid of air end copper salts, by passing a mixture of air and 
hydrochloric acid at 'about 440° over bricks saturated wi& a solution of a copper saMfe 
(a mixture of solutioiji^’of CUSO4 and Na^SO^). CnCl® is then formed \sj the dcmbl® 
decomposition o| the salt of copper end the hydrochlorio add; tlM CnCl<i Hberates 
chlorine, and the CuCi forms CU2CI2O with theoxygen of the air, whi^ agmn giv^ CuC3^ 
with 2HC1, and so on. 

Magnesium chloride, which is obtained from sea-water, camallite, &c*t may serve nolk 
only as a means for the preparation of hydrochloric acid, but also of dilorine, 
its basic salt (m^^guedum oxycbldride) when heated in the air giv^ magn^um oxide and 
chlorine (Weldon-Fechiney's process, 1888). Chlorine is now prej^red on a large scate 
by this method. Several new methods bas^ upon this reaction have been proposed fesf 
procuring chlorine from the bye-products of other chemical pmoess^ Thus, Lyte and 
Tatters (1891) obtained up to 67 p.c. of chlorine from CaCla in this manner. A solu- 
tion of CaCl2f containing a certain amount of common salt, is evaporated and oxide of 
magnesium added to it. When the solution attains a density of 1*2445 (at 15°h ^ 

treated with carbonic acid, which precipitates carhouate of calinum, while dhloi^e of 
magnesium remains in solutidn. After adding ammonium chlorode, 1h© solnticm ^ 
evaporated to dryness and the double chloride of magu^um and ammmsmin fuem^^ 
ignited, which drives off the chloride of ammonium. The chl<mae of magi^® 
cemains behind is used in the Weldon-Pechiney proceffiu The De 
process for the manufacture of chlorine conmats in ]^asing alt^male emrenfe ^ _ 

and hydrochloric acid gas through a cylinder contrining a mixtare ctf m 
cnagnesium and manganese. A certain amount oi sulphate of , 
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vith spongy platinum, or a strongly heated substance, or when subjected 
to the action of an electric spark. The explosion in this case takes place 
for exactly the same reasons — Le. the evolution of heat and expansion of 
the resultant product—as in the case of detonating gas (Chapter III) 
BiflPused light acts in the same way, but slowly, whilst direct sunlight 
causes an Explosion. The hydrochloric acid gas produced by the 

Iby Draper, BunseB, and Eoscoe. Electric or magnesium light, or the light emitted by 
the combustion of carhpn bisulphide in nitric oxide, and actinic light in general, acts in 
the same manner as sunlight, in proportion to its intensity* At temperatures below —12*? 
light no longer brings about reaction, or at all events does not give an explosion. It was 
long supposed that chlorine that had been subjected to the action of light was afterwards 
able to act on hydrogen in the dark, but it was shown that this only takes place with 
moist chlorine, and depends on the formation of oxides of chlorine. The presence of 
loreign gases, and even of excess of chlorine or of hydrogen, very much enfeebles the 
explosion, and therefore the experiment is conducted with a detonating mixture 
prep^d by the action of an electric current on a strong solution (sp. gr. 1*16) of hydro, 
cliloric acid, in which case the water is not decomposed— that is. no oxygen becomes 
mixed with the chlorine. 

The quantity of chlorine and hydrogen which combine is proportional to the intensity 
of the light— not of all the rays, but only tiiose 8o*termed chemical (actinic) rays which 
produce chemical action. Hence a mixture of chlorine and hydrogen, when ex posed to 
the action of light in vessels.of known capacity and surface^ may be emplcyed as.anB>orino. 
meter— that is, as a means for estimating the intensity of the ohe mtcn.1 rays, the influence of 
the heat rays being previously destroyed, which may be done by passing ttie rays through 
Ulster, liluvestigations of this kind (photo>ohemical) showed that ohATniftal actipTi id 
chiefly limited to the violet ©nd of the spectrum, and that even the invisible pltra-violet 
rays produce this action. A colourless gas flame contains no chemically active rays; the 
flame coloured green by a salt of copper evinces more chemical action than the colourless 
flame, but the flame brightly coloured yellow by salts of sodium has no more cdieznicBl 
action than that of the colourless flame. 

the chemical action of light becomes evident in plants, photography, the bleachi^ 
of tissues, and the fading of colours in the sunlight, and as a means for studying the 
phenomenon is given £n the reaction of chlorine on hydrogen, this subject ha« been the 
most fully investigated tn photo-chemistry. The researches of Bunsen and Boscoe in 
the flities and sixties are the most complete in this respect. Their actinometer containB 
hydrogen and chlorine, and is surrounded by a solution of chlorine in water. The hydro* 
chloric acid is absorbed as it forms, and therefore the variation in volume indicates flbe 
progress of the combination. As was to be expected, the action of light proved to be 
proportional to the time of exposure and intensity of the light, so that it was possible to 
conduct detailed photometrical investigations respecting the time of day and season of 
the year, various sources of light, its absorption, &c. This subject is considered in detail 
In special works, and we only stop to mention one circumstance, that a small quantity of 
a foreign gas decreases the action of light ; for example, ^ of hydrogen by 88 px., 
^ of oxygen by 10 p.o., 7^ of chlorine by 60 p.c., Sco. According to the reseordies of 
EHmenko and Pekatoros (1889), the photo>chemical alteration of chlorilie water ta 
retarded by the presence of traces of metallio chlorides, and this influence varies witli 
diflerent metals. 

As much heat is evolved tn the reaction of dflorine on hydrogen, and as this 
reaction, being exothermal, may proceed by itself, the action of fight is e8settfila% the 
same aa that of heat— that is, it brings the chlorine and hydrogen into ccmdHiion 
necessary for the reaction— it, as we may say, disturbs the original equifihnum; ibis is 
the work done by the luminous energy. It eeems to me that the action of light on Ute 
mixed gases should be understood in this eenseb as Ptingahmm(l837| pofntedout* 
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reaction <A cUotine on hydrogen occupies (at the original temperatum 
and pre^ure) a volume ec^ual to the sum of the original volumes , that 
is, a reaction of substitution here takes place H 2 + OI 2 = HCl HCl 
In this reaction twenty-two thousand heat units are evolved for one 
part by weight [1 gram] of hydrogen. 

These relations show thah the affinity of chlorine for hydrogen is 
very great and analogous to the affinity ^tween hydrogen and oxygen. 
Thus on the one hand by passing a mixture of steam and chlorine 
through a red-hot tube^ or by exposing water and chlorine to the sun- 
light, oxygen is disengaged, whilst on the other hand, as we saw above, 
oxygen in many cases displaces chlorine from its compound with 
hydrogen, and therefore the reaction HqO + CI 2 = 2HC1 -f O belongs 
^ the number of reversible reactions, and hydrogen will distribute 
itself between oxygen and chlorine. This determines the relation 
of 01 to substances containing hydrogen and its reactions in the 
presence of water, to which we shall turn our attention after 
having pointed out the relation of chlorine to other elements. 

Many 'niekda when brought into contact with chlorine immediately 
combine with it, and form those metallic chlorides which correspond 
with hydi'ogen chloride and with the oxide of the metal taken. This 
combination may proceed rapidly with the evolution of heat and 
light ; that is, metals are able to bum in chlorine. Thus, for example, 
sodium bums in chlorine, synthesising common salt. Metals in the 
form of powders bum without the aid of heat, and become highly 
incandescent in the process ; for instance, antimony, which is a metal 
.-easily converted into a powder.^^^ Even such metals as gold and 


In the formation of steam (from one part by weight [1 gram] of hydrogen) 39,000 heat 
ijnits are evolved. The following are the quantities of heat (thousands of units) evolved in 
•^e fonnationof various other corresponding coia^xxadiB of ojygen and of chlorine (from 
Thomsen^s, and, for NagO, BeketofFs resolts) 


f 2NaCl, 195; 
I NaaO, 100; 
|MsC%14a; 
1 I%0!5*155; 


CaCl!5,170; 

CaO,I81; 

aPCl5,2ia; 

^ 904 , 870 ; 


EgCh» 689 2 AgCI, 59. 

HgO, 42; AggOjO. 

CCl 4 , 21 ; 2HC1, 44 (gas). 

009 , 97 ; H 90 , 58(ga8). 


fou* deineufo the formation of the ohlorine oomponnd gives the most 
he^ the four following the formation of the oxygon compound evolves the 

gTMtor amoimt of h^t. The first four chlorides are true salts formed brom HCl end the 
whilst the imnainder have other properties, as is seen from the fact that they are 
ilot ioxmed htm hydrochloric add and the oxide, but give hydrochloric add with water- 
» This hem ahready pointed out in Cliapter HI., Note 5 . 

® Sodium unaltered in pmdCeetly dry chlorine at the ordinary temperature, 

even warmed ; bat the combination is exceedingly violent at a red heat. 

»■ - ^ n^faoc^ve experiment on (X>mbustion in dilorine may be oonduoted as follows! 
Bold! n^ital (used instead 6t g(dd fox gUding) are j^aoed in a globe, a 
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platinuDTj®^ which do not combine directly with oxygetk. $:n(J give very 
unstable compounds with it, unite directly with chlorine to form 
metallic chlorides. Either chlorine water or aqua regia majr be em- 
ployed for this purpose instead of gaseous chlorine. These dissolve 
gold and platinum, converting them into metallic chlorides^ Aqtui 
regia is a mixture of 1 part of nitric acid with 2 to 3 parts of hydro- 
chloric acid. This mixture converts into soluhle chlorides not only 
those metals which are acted on by hydrochloric and nitric acids, but 
also gold and platinum, which are insoluble in either acid separatelyb 
This action of aqua regia depends on the fact that nitric acid in adt* 
ing on hydrochloric acid evolves chlorine. If the chlorine evolved be 
transferred to a metal, then a fresh quantity is formed from the 
remaining acids and also combines with the metal, Thus the aqua 
regia acts by virtue of the chlorine which it contains and disengages. 

The majority of non-metals also react directly on chlorine ; hot 
sulphur and phosphorus burn in it and* combine with it at the ordmaiy 
temperature. Only nitrogen, Carbon, and oxygen do not combine 
directly with it. The chlorine compounds formed by the non-metals — 
for instance, phosphorus trichloride, PCI3, and Sulphurous chloride, 
&c., do not have tlie properties of salts, and, as we shall afterwards see 
more fully, correspond to acid anhydrides and acids ; for example, PCI 3 
— to phosphorous acid, P(OH )8 

NaCl FeCla SnCl4 PCI3 HCl 

Na(HO) Fe(HO)3 Sn(HO)4 P(HO)3 H(HO) 


gas-conducting tube furnished vrith a glass coct js placed in the cork closing it, and the 
air is pumped out of tlio globe. The gas-conduoting iube. is then-odnnected with a vessel 
containing clilorine, and the cook opened ; the cHorine rushes inland the metallic leaves 
are consumed. 

The behaviour of platinum to chlorine at a high temperature (1,400°) is very 
remarkable, because platinous chloride, PtClj, is then formed, whilst this substance de- 
composes at a much, lower temperature into chlorine and platinum. Hence, wh^ 
chlorine cornea into contact with platinum at such high temperatures, it forms fumes of 
platinous chloride, and they on cOoling decompose, with the liberation of platinum, so 
that the phenomenon appears to bo dependent on the volatility of platinum. Deville 
proved the formation of platii^ous chloride by inserting a cold tube inside a red-hot one 
(as in the experiment on carbonic oxide). However, V. Meyer was- able to observe the 
density of chlorino in a platinum vessel at 1,690°, at which temperature chlorine does aol 
exert this action on platinum, or at least only to an insignificant degree. 

18 Wheni left exposed to the air aqua regia disengages chlorine, and afterwards it no 
longer acts on gold. O-ay-Lussao, in explaining the action of aqua wgia, showed ^ 
when heated it evolves, besides chlorine, the vapours of two cHoranhydrides — that of nitrio 
acid, NOaOl (nitrio acid, NO3OH, in which HO is replaced by chlorine ; Chapter on 
Phosphorus), and tliat of nitrous acid, NOCl-but these do not act <» grid. J^e 
foimationof aqua regia may therefore be expressed by 4NH03+8HC1-2N0301+2N^ 

❖ 6Hi0+2Cla. The formation of the chlorides NO3CI and NOCl is explai^ by the fact 

iSiat the nitrio acid is deoxidised, gives the oxides NO and NO3, and they directly combmSp 
with <Morin0 to form the above anhydrides. 
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As the hhove-mentioned relation in composition — i.e, substitution of 

Cl by the aqueous residue — exists between many chlorine compounds 
and their corresponding hydrates, and as furtliermoro some (acid) 
hydrates are obtained from chlorine compounds by the action of water, 
for Instance, 

PCI3 SH^O ^ F(H0)3 + 3 HCI 

Phosphorus Phosphorous Hydrochlorio 

trichloride acid <icid 

whilst other chlorine compounds are formed from hydroxides and 
hydrochloric acid, with the liberation of water, for example, 

INaHO + HCi NaCl -b H^O 

we endeavour to express this intimate connection between the hydrates 
and chlorine compounds by calling the latter cMoranhydridea. In 
general term^ if the hydrate be basic, then, 

M(HO) + HCI = MCI ^ H2O 

hydrate * hydrochloric acid <= chloranhydride water 

and if the hydrate EOH be acid, then, 

ROl + H5O = E(HO) + HCI 

ChloMLuhydride water <=> hydrate + hydrochloric acid 

The chloranhydrides MCI corresponding to the bases are evidently 
metallic chlorides or salts corresponding to HCL In this manner a 
distinct equivalency is marked between the compounds of chlorine and 
the so-called hydroxyl radicle (HO), which is also expressed in the 
analogy existing between chlorine, CI2, and hydrogen peroxide, (HO)^. 

As regards the chloranhydrides corresponding to acids and non- 
metals, they bear but little resemblance to metallic salts. They are 
nearly all volatile, and have a powerful suffocating smell which irritates 
the eyes and respiratory organs. They react on water like many 
anhydrides of the acids, with the evolution of heat and liberation of. 
hydrochloric acid, forming acid hydrates. For this reason they cannot 
usually be obtained from hydrates — that is, acids — by the action of 
hydrodiloric acid, as in that case water would be formed together with 
^em, and water decomposes them, converting them into hydrates. There 
are many intermediate chlorine compounds between true saline metallic 
chloride like sodium chloride and true acid chloranhydrldei^ just as 
there are all kinds of transitions between bases and acids. Acid 
ohloranhydhdes are not only obtained from chlorine and Bon-metals, 
but also from many lower oxides, by the aid of chlorine. Thus, for 
example, CO, 1 ^ 0 , HO2, and other lower oxides which are 
<^pabl6 of combining with oxygen may also combine with a coire- 
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verted into a colourless substance, but the chlorine after\ 
acts on the tissue itself. Bleaching by means of chlorine thei 
requires a certain amount of technical skill in order that the chi 
should not act on the fibres themselves, but that its action shou 
limited to the colouring matter only The fibre for making wi 
paper, for instance, is bleached in this mannero The blea 
property of chlorine was discovered by Berthollet, and form 
important acquisition to the arts, because it has in the majori 
cases replaced that which before was the universal method of* bl 
ing — namely, exposure to the sun of the fabrics damped with ^ 
which is still employed for linens, &o. Time and great trouble 
therefore money also, have been considerably saved by this cban^ 
The power of chlorine for combination is intimately connected 
its capacity for substitution, because, according to the law of sub 
tioii, if chlorine combines with hydrogeii, then it also replaces hydb 
and furthermore the combination and substitution are aocompljsl 
the same quantities. Therefore the atom of chlorine which con 
with the atom of hydrogen is also able to replace the atom of hyd 
We mention this property of chlorine jnot only because it illus 
the application of the law of substitution in clear and'histoi 
important examples, but more especially because reactions of thi! 
explain those wdirect methods of the formation of many subs’ 
which we have often mentioned and to which recourse is had in 
cases in chemistry. Thus chlorine does not act on carbon, oi 
or nitrogen, but nevertheless its compounds with these elementi 
be obtained by the indirect method of the substitution of hyc 
by chlorine. 
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tli*« ii<4 r«tfil4ii« with il *i|j|wFii!«if 

iMliiM Rtifl Iittiimtl sl^atistl \m 

sipgiili%-«i ; till# m 1 I 10 pwh4i af 
lli«if fnr mtm t?lil«*rliift wliirli w$ili 

hjilftigtfi ii til rmph^rn || mithml m%my «f lli« 

prijpfilwi *»f III** ri^'iilliMil Hiit «iiliii|i,iiil#fi ^ h|ilraf^it 

|iy ia tf*rfii«l Tlwi it>#t^lia:tiiif» of lltli iiiil«tiliillriii 

ii mry iiiiiiiiliitil. If wm m hy*ln»||i4i «iiii|»titt*l* |t!n:tfnr*lily m 

lb|«lrtM?:iyrt»«3ifi, iiti*l if rliWiin* nr/t^i t|inm-;||y «iii it^ li I'lft.iiliiiwi 

on tli*i twiP I«ii4 #rii| and an tliri «»i|}pr liaipl % t?ttiii|Miiiiit| 

III l-lia |*W^ *4 ilif» ■■ mt ih»i. tl»«i t'lilttrliio 

Itmlf tfite twt.» mpitd PUP |4»f'iic.fii i:^ li|tlrp* 

tliii itllipf ptiiHkm %mkm %hm |»l<ian til llip Ityilro^pii 
llitti l/uw# ikis it ttimmyt % lA* 

fgmmtfmn *;/ *fim **e|»p|ii» *4 ifen to m 

Mhm « } 

4- a, « €jL.*c.fii 4 iia 

ill ** 

mil I* ti|. «• II 0 I 4 iitu, 

^*1 mm%4kkm%m tllwW wlnrli I^arr; ar»i filial fmff 

III ill© ebh*riiip *%itm tiwl ^*1 «ii lij*lr«%»fi mm» 

O ItaA#* lli# «l m9f$wm^ m-A ll»* IMI 

wtihh nMmim 4* t^h tto 4 a, tl tliliitiiw w#*! 

*1 m US* Ife* «if|^ will Wilto wlA ♦♦♦iJ Ilf# 

%||i lt« kph<^»m 

• l%i* imh* mtf irt ^ msm fcp m 

*4 ^ 4 1 kw, tte 

i4 ill»| t»« *4 1^* I 

m4 m 




TIIK HAU) 0 BN 8 


m 


»ubjtwt«l to ft further m«tatep«i«»l nubetitution— tho second fttom of 
hydrog«»u wmy Iw by chlorine, and a liquid substanoo, 

caIUkI itM»Uiylt!no chloride, will be obtained. In the aamo 
luanuer the «ul»iUtution may Imi imrriod on still further, and CHC1„ 
or ehhwtfortii. ftiul liwtly carbon tetrachloriilo, CCb, will Im) produced. 
Of tlusae MuluttAtUMw the lawt known b chlorofonn, owing to its being 
forniral from iitany orgaido aulwtAnwHi (by tho nction of bloaohing 
jaiwdur) and to it# Iming U!*»«l in medicine a# an ana^thotio ; chloroform 
l«il» at ti’.’ ' end mrlMin Ujtrachbride At TS*. They aro both colourless 


of lijtirtigoii by k tima ami It can b© csliiarly seen that 

ili« ikmmtinmiiimm arii ac«oti'i|>lkh©<l molf>cular quaati- 

llw wf tlip Iliai i*» IwitwiHiii volunmt m a gaw^ous state. 

C*«fr|i#ii himi'Mmiiht wliicli m obtiiliHHl by the metoli-ipiiis of marsh 
mfifiiil l» tilitaiimi frtiitt tihloriiiti aiid earbmi, but it may bo 

fwiit of imrlMiii ’--for iusttii,ioe» from carl>oix 

sii ¥a|ioii.r lakod wltli elibrliio lio patsod through a 


m mb, ilw fnntlaiiiMttAl rhomkid clianiotiira of liytirocarboiui am 
nol otiaiigi^i liy motalftpi* ; that k, I! a sieutml l )0 token, thoii. 

Iho iiwdluil df li abo a imtiiral or If mi aoid bo 

mkm liiii findittofe ol a^toltpk dio Iim mIcI pro|jerties. Even tho 


fitealty of of wtiloh Iho origliuil liyclroaarkm li often in no 






THE 


rriilw'ril l»y clibriiia mul gtvp 
KiT* I'fili'i iiiti C.*#4d|i)ji, Mill tliP »'riilhidi 

©liloi'isln t;if nil fi ri I , Inir iit4. oni}' i'l Iti etiiii|3o«iti<ia 

llli? mitUP l» 111 ilw* filHf?it|liil|r>|| ill llilirfell lllli thl^ wIiciIp 
of tin-’ rrftrlU'ii iM tlm ftrtiiir'. Ifrrn nltu itt,» tiUmrn of rlilorifl^ net* 
i»|l«i tiilir'i* l\iv * *f iliu |i yilro^rn lh*’ i;| f*Vf*|vml ItM 

» Hi iftMiiM r ihr« h)'*lr< n-hluru' t’V< 4 v«h| 
frliJitins'* I If*'*’, nn4 Hi iliK' Isitl-i-f, 4ii |i|*» of iilknUu*' nuliutniu'r'f'.j 

ft r*-arl.?. i-'ii thrill Unin in lh«' Retr-ni nf rlilorinr on 
|M4a-sli, t|ir. |i\4i»« lit. >fi»' ri4'i4 ionnr4 till titi»i|.|ipr t|iiiifitil|f cif mu'iliii 

Btiil ||4v«'.n thh-^n40 mul itfifuri tiii«! lint 

Ell*» 4 - < 1 , -- tl«*I 4 .iWi EiiU > |fC*| li^ii 4. KVh 

fiii!,| lli« rnnili «4 i*« 4 .h tiiinnllssMH-on^ |s|}jii«\a will hn Util it 4 4 C 4 | 
m ll|H 4 Jill 4 Wo will liri'T 4 intHiS-n reiifitn 

Tlir< ar t If -11 of #4»inr4iif» mi iiia| tnllior rp«iilt in lli*^ 

lif^iikliiii y|» «if IIm* niiiiiioiiifi, until tlie ffWiliifinfi tif ||i.«i*iriin iiitftigeri, 

m in « |*r*«hiri of rii«i|iilr|'^«k (m willi Willt «i ©f 

eliinfiiip »i>4 ihn %i4 Ilf tmnil tli© niiiiiiiiiiiak |» ilw&«rti|ic^I^ witli tlw 

III *4 frw ** Tlii# rt.«etlfifi ittiibiitly reitilti' 

in iho foiinntnni tif ri-iI iiintiitijUtte, II | 4* 4- Kf. 

llni if tl*o iwli in ©irf#*, iIipp lli*^ tmlm tliii 

fiilisvtlofi #4 lliri r«5|4«rr4s3oitl of f |j« hyfir#4*rri |ti tlio fifiinionifi hy rli|t>fini\ 
Tb’ |sriiyl| 4 'il i'rinili l-a ilifit NII .1 1 311 ^ KCTu -h 3 llCh^ 

*’* 1 ?* 4 s» n%»f t* »-| m III** i4 SI m tni'g* *>*mm 

it| Wairf I .<> |» ^ 7^4 Jl*!”' ^ l«8s#||ie.f^ *»i»l ft *-,||:|||il «4 ft *4 ftffllflififnil 

W *44«:4 |, w.o 1*13©^ If iifti ft ilitote «*!«'©«# 

i4 ftfwo, , I,, it,, *4 8441-^*11 »«4 mlUi trl^# iif ll* 

«I4.. #m# S*'fe^ i. mmp* 44%^rt |,>|«i844ni|*. Ii l»4if»| |f 

Hit* * 1 1 *- . t 4 u« n#©' * »re'*«i iiw wm»%km i 4 

tJl i* lMr*« l>f Il3» *4 ftlpl |||» W# i» ^ Iftl** 

fti:o#rt'S'« 4 »w III full ia.#*c ftii *4 wiml tap 

t 1 »« liy 4 for.Ui-.’f iit 1 . 'finw 4 *‘ 5 # wii-iiJ®* ftills WMtwnlm iitfti itifti fftnwll 

%* Ih'll* * 64 .’ll** PH* » Ff# %h»m mmtmmirn i*ni»t wil*? lulo tlw 

I 1,1 m twiirtf *#ilf |4s<r« »|l|i ft#» #lr«*a «f 

Oifc * f ile sa-li It hsilt < t « I4»#4li« l» |«.*w| t|ift:rti|?h a Itilw lfit« ft 

l4ft «*-*' l» g|PW» tf»» tc* ftti If, lirfWWr* 

I ^*.•*4 Ik »- ti it tlip ftl §t«i| 

fykft fo##»ftii4 #1 » I I'liPnwIft i4 iiilJ*^«ii iliil# a» iili* 

llfti Ml hm fcn mmMm itelf hmm^ 

Hi# «*l fithnftift i4 Tli» ipA ihflliw €i m n 

ft»l »$ft llp» l*-rmmihm *4 niinigftn* mUA vm^ 

Pri| # tl# ♦ m m ^ Ii 

ihfc t4 |i»*tii#l will iwltoi 

I M h " i illil I* fef«W» I Willi m II l» Hu* 

ilftft^fil^t hi A* ftSirtIf ^ fef ^ 

<4 Wftiftf l^t mm m mrng ^ ^ It lilwi *# 



nnsril'LKH CIF rimMiHTEY 


f ilj- iFvl^rii flit' |4?irr «*f f hi'- rlilMfnnv In thi,.% r^r in A tirriiir in 
< i I * I i V • *r < ‘ J h. I'i friiiii ^ *1 1 5C 1 < *J I -I C '! I ^ f 1 t'-iii ^ '(,1 1 

I‘f' llir-ijU*»|»tU4 lifit II miwl 1*11 ilfililii -<11111, 

clth.'iic .-u-iJ {>k}y‘\ thrnftF K 11,^1) mml m% fiiiUil*' ; tli-jii ^^4, flu- f of 

« illi rmlirlii KIi„ in tlio i‘liluriiit», 

‘llui!i hy iiiwiiiii •'! iinttliwhi toiniil in 

ihrniktry fnr m\ iirl-ilWiAl aipI iio-5%n.a of ilit^ fornbittoii of cotii- 

|4 t riirt««i frotn !io»r»' !«■ ivh^'h iirti pfton 

tofjilly ifi« A|-iil'ir of ihr*’i*l iV-u.lr* whlrli, tfiiii hoy o|tfF|if^| 

llm i|»^, .fi's «.i I loll Bt'orrI of roin|<l«‘ii i»r|*»iiui foitsiitiiincla inki 

»li.}».']i iun!i iiio:| n|» to tio'ii fr-ariHl tvii os.»i-<?r, llio lijil.rt'>«*fifl:*tiii 

fih'jiir:--!}!/!! i»s l»-o iinijr isiMlrr ilm iiiiliiwico of t:-|io-ii«3 iiijftilii fiiruivji 

III 

It- ifs iir»i nitiy |iyilrf.m^Arl*Miii ar*.? tiilijcct |4J wioi^oiiaii, 

tintlrr mikm t4 ulilpriiw'^ i%liii]i 
P'tv*’» clrrivut-iv*"# in ilin 1111 ^ 1 - 1111 !? • 

ft»r Um% witl n wli«|« i»ri«# 

ill lii mm tl|o lijtlrygifii ill gii« 

ftaii tm-. ro|^l-air.l l,j rlil-oriis-o hi-kI fittiii rlilnrii|<p^ mm tji*> 

III i-aiiftllf I «. In, -all. lilHh minmrrnm, Hll|, calc-tmil lijtlitwkii** 

Witi f>N» ^ «i«in|itiip4 m^lm tfiiii 

ihfkptmmmi In wipw# II mm m mif tenw^Hiuiii 

mm0m In m mhm II hmmm m giiiii m wte lfc« «#i«i 4 iip» *.4 

l«* Umnmimm tl mm 1^94 ♦*«? «# 

httt il« I*- |l»«e ®|*|| wmm «■!«<%#, ®#'<1 ’« ‘Os| >*-»1 !l*» ftllnil’.ufi 

It f «< #lt4+« « il4 ll»t ’ f‘ ll'sca' IfaSUi.jl' -c-i Irakis,*-! ‘ ' .-jl I i 1 f It 

■•nt# l‘ ■ k > ll.-t, »*S.U& ^'‘561 r-i-cll'j-yl t llj — 4' ii'{,ll* mm 

II* >4r| t sn«4r!i ^ ii- i.-?#!} ,ai*v- |lat*ri£ . ! ft*<e I 1 1 ’ II 5 ■-- t" jfwsWl 

|i, ‘I »»ft® . . fe-S «, 4c-f 'it -JUi'.*© 4-’-f I, < it 4 »||, .a-Sv4 ** 

til f! 4 i I i i-4i*-.-a4i.s * I |-,f 1* k4 if ssm ili*® ♦* §##4 «( 

!#*»ss -.1 1*1. -t'ivc |.-•1.»l *4 ##^ H |fcMBf»l4r#» li»*| »4%fl m 

1 i:|l4"il*. I«* »l*!i w-«^ if #till 4iii|«ifii* w%j» fc*! 

%» *l♦|| td %im mmUifmm -»! i*'lt|,-«'"i <*<»» 41. <•.■■» *‘<Hi''||-^«':|||t)|||,, 

|l 1*1 11*111 *hd*-****^» tihi» %im *•# ol*--* ' h'# i«4l*l»,r#s 

§S «# f.,4l4i..|'^«^ r4i|^tf# *4 

#*♦##%!«« I, *(« mm If*. |f» iS, 

II tti«l ll« fill I# t 9m09^^ li>« ^ ..|»s^ m4 il 

t«ii-#iii^ #1^, mm vmti h* if « If 

Hwilfl llw f4 *4 ll» rnm^isimfS 

¥||l * fl«4» i'll 

fit t.miif *4 %h^ M •#. 

#»iif tt»# UmUfm% mi i' 4 , 1 ^ umi trf mm r««iJ #1, •• 

^fiS, #4 |^«. I l|f«| ill* *4 ihm *4 ^ h^m Ikl# 

«tthni4 fumm !< »*# . fi«#HM*#«|«4 i.» 
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OftllgOt m nmj Im raplitood bj cWorIna end give potassiiim 

lij|KH5Wcnit«, KCH), cidcium liypochloriH CkCl^Og, and the so-called 
ehU»rulti ut iiitrog<u», NCJI3. For uot only Is theoorrelaticm in eompoMtIoii 
tlio nft«io m ill the swlmtiiiitlon In inardi gw, bnt the whole mechanisni 
of the nmAiciii la the fniiiMi Here aim two atoms of chloiin© act t 
onii t&kim the plaoe of tiae hydrogen whilat the other is evolved aa 
liydroeiilorio iwnil, only in the iommt cmo tlao hydriKshlonc acid evolved 
roinfeliaeil mu\ in the latter, in fmnmim of alkaline substances, 
tt reacts on them. Thui, In the action of chlorine on caustic 
potii«li| tliti liyflnH'hkiric iwicl fcm-uod acts on anoAtr quantity of caustic 
|aota*h ftiicl giviw potaislum cliloride and water, and therefore not only 
KIIO + (\ « U<!1 4 KCnO, hut also KIIO + HCl « 11^0 + KCl, 
and till* reiitiH of kith tiinmltaneous phases will be 2K1I0 H- Clj 
« |||<^ + Ki.’l -f Wo will hew dilcusa certain special 

*riir I)! ehlorino on iiiiiiuonia may either result in tlie entire 

bnmkiiig ii|* c*f th«^ aiiiinoiiiii, with the o’foitttion of g^icoui nitrogen, 
or III ti firtwhict of riHitalfipili (aa wlHi CH4). Wirii aa excess of 
chlorino anti the alil i*f limi the waimonis li deoompoi^, with 'tibe 
dimu'igftfeiiieiit of frw» Hits rmctlon evidently results 

In the foriiifition uf mihiaiinioniac, 8NHg 4* ®* 6NH4CI 4- 

lint if till' mmmmlum suit Iw in axeci«, thiin the reaction tak« the 
tUn^ium cif tlio »kron It'll t« if tho hydrogen in tlie ammonia by chlorina 

Tlio |iriip:liml ivault lii that Kli^ 4 3€l.| forms NCl^ 4 SHOld® 

^ Tiili #»4| i» «4 tft ol aUrtigw. If $> large 

of I’ht*? li«* iumfwl ft ii«ll f tiiuitily i»f a nrfaWon of luumonift 

%m ipii4«h llititi* i« »vti|vi4 II cikfefia© »«% o» » soiutleti 

#t llt« vi 4 iaiie of doun imiI «f»i|wiiMl wlUi t-ki vdium# of Hie 

l.A* fi. W« *mm ttiioiniiiHiiii is Itiwml If fiii fee poiiod 

ft ill Mftfi.*. Inn* ft I Mfitiiimtig fiWnrini#, Hm r®ftcllo» dl ^lowMiltep 

#t |»H*» i* ty ill*' tnuiwioii «»( light ttttti of ft dteod 

Ii4 all ismiiy«>»»s an «.»f wlUoriitii imiisil lie 

^ 11»o |jy4r** a* I4 «.|«hii„5i, with wi»mp|»ift» «itl thoroturo Iho final 

|« I Si.’h'*- Ni4| » Sr* Hid. For Ibm omiaonia nni«l tmtor into tUo 

I III ilir, 0* riwlllf liikiss with mi oxcieaa of 

* r i'All* It l»til44«» «*f t'lilMfiii** Iw llirtiiigh » firm liib# Into a voiittl 

ii»% *'m>h nito* riws Ui i%n If| howaw, 

« »i4tiliftii if llni nwiioii al llwl tiflngi 

ll^ I II *.l ohlrtfiilo fif iiilfttfwii «»« amiiiofiift lito olilodne* 

tiel ^ mnmmim Ima l^iin to ifiitiii, ^sw Ito^lf towwrdi 

Hh# of III Th« fi»il ftitoiii d m m atiluHcii d 

«l»«s-© rtiiwfii ili« foTiii.ftthift III oWWiitortI whteli ihon rwwHi <wi 

«»iiioiila t m long at too fttt?** 

ti^ S '4 ftltitii-s'lii* llio whid will li« wllW^<tt. IPMbdiott 

Hil^i 1 1 at 1 . - .‘I't ‘1^ f 4lli.:i I* I m tllluto 11 iiffwwii to tk« ah^ri* 

4kmikm ||*wlift|« mMm to to# «4 ^ ^ feur toe ««» 

d toll mm » itewig minrnm d M II Ike 


PEmCIPLES OF CHEMISTEy 


The resulting product of metalepsis, or Moride of nitrogen^ NCl3> 
discovered by Dulong, is a liquid having the property of decomposing 
with excessive ease not only when heated, but even under the action 
of mechanical influences, as by a blow or by contact with certain solid 
substances. The explosion which accompanies the decomposition is duo 
to the fact that the liquid chloride of nitrogen gives gaseous products, 
nitrogen and chlorine. 

probably by virtue of the afGuiity of hydrodhlorio acid for ammonia). Therefore there 
must exist a very interesting case of eqnilibrinm between ammonia, hydrochloric acid, 
chlorine, water, and chloride of nitrogen which has not yet been investigated. The re- 
action NCl5+4HCl=«NH4Cl+3CL^ enabled Deville and Hautefeuille to determine the 
composition of chloride of nitrogen, When slowly decomposed by water, chloride of 
nitrogen gives, like af chloranhydrid^ nitrous acid or its anhydride, SLNCls+SHjjO 
=»Na05+ 6HCL Prom these observations it is evident that chloride of nitrogen presents, 
great chemical interest, which is strengthened by its analogy with trichloride of phos- 
phoms. The researches of F. F. Seliranoff (1891-94) prove that NCI5 may be regarded 
as an ammonium derivative of hypoohlorous acid. Chloride of nitrogen is decomposed by 
dilute sulphuric acid in the following manner : NCI5 + 8H3O + H28O4 NH4H8O4 + 8HC10. 
This reaction is reversible and is only complete when some substaxioe, combining with 
HCIO (for instance, sucoinimide) or decomposing it, is added to the Hqnid. This is 
easily understood from the fact that hypochlorona acid itself, HCIO, may, according to 
the view held in this book, be regarded as the product of the metalepsis of water, and 
consequently bears the same relation to NCI3 as H2O does to NH3, or as EHO to 
ENH^, RaNH, and EsN—that is to say, NCI5 corresponds as an ammonium derivative to 
ClOH and CI2 in exactly the same manner as NE3 corresponds to BOH and Eg. The 
connection of NCI3 and other similar explosive chloro-nitrogen compounds (called 
chloryl compounds by Selivanofl j for example, the CgHsNClg of Wurtz is ohloryl ethyl- 
amine), sncdi as NRClg (as NCgH^Clg), and NRgCl (for instance, N(CH3C0)H01, ohloryl- 
ocetamide, and N(OgH5)2Cl, chloryl diethylamine) with HCIO is evident from the fact 
that under certain circumstances these compounds give hypoohlorous acid, with water, for 
instance, NRgCl +.HgO=NE2H+ HCIO, and frequently act (like NCI5 and HCIO, or Clg) 
in an oxidising and ohloridising manner. We may take chloryl sucoinimide, CgH4(CO)2N 01 
for example. It was obtained by Bender by the action of HCIO upon sucoinimide, 
C2H4(C0)2NH', and is decomposed by water with the re-formation of amide and HCIO 
(the reaction is reversible). Selivanoff obtained, investigated, and classified many of 
the compounds NR2CI and NRClg, where B is a residue of organic acids or jolcohols, and 
showed their distinction from the chlorauhydrides, and thus supplemented the history of 
chloride of nitrogen, which is the simplest of the amides containing chlorine, where 
B is fully substituted by cblorine. 

^ Ijn preparing NCI3 every precaution must be used to guard against an explosion, 
and care should be taken that the NGI5 remains under a layer of water. Whenever an 
ommoniacal substampe comes into contact with chlorine great care must be taken, 
because it may be a case of the formation of such products and a very dangerous explosion 
may ensue. The Equid product of the metalepsis of ammonia may be most safely pre- 
pared in the form of ranall drops by the.action of a galvanic current on a sEghtly worm 
solution of sal-ammoniac 5 chlorine is then evolved at the positive pole, and thig chlorine 
acting on the ammonia gradually forms ihe product of metalepsis which floats on tho 
surface of the Equid (being carried up by the gas), and E a layer of turpentine bo 
poured on to it these small drops, on coming into oontact with the turpentine, give feeble 
e^Iosions, which are in no way dangerous owing to the smaE of the substance 
formed. Drops of chloride of nitrogen may with great caution be coUected foff 
investigation in the foEowing mann er. The neck of a funnel is immersed in a basin con- 
mecQuxy, andfirst a saturated eolutipp of ommupn salt is poured into th e funnely 



THE nAlX)0EH8 


477 


OMorldo of Bitmgon It a jollow oily liquid of ®p. gr* 1*66, which 
bolli at rr, aiKl hrcmki up into N + OI| at 97^. The oontaot of 
phosphorus tiirpontiuej Iiulia^rublKir, eausos an explosion^ which 
in aouiotiinos^ no vlolont that a email drop will piorc© through a ihiofe 
board. Th© great tmse with which chloride of nitrogoxi decomposes js 
dependent upon th© fact that it ii formed with m absorption of hoat» 
which it evolvoi when dwiapoitMh to the wnount of about 38.000 heat 
mkitM for NO! II m Dci'S'llle iwci Ifautefouill© determined. 

Olilcirlii©, whan aliiorbecl by a sokttei of mnstio soda (Mid also of 
other alkalis) at the oitllimry teinpcTOtur©i eau»i the wpkoement of 
the liydrogen In the cauitlc ioda by the ehloria©, with the fonnation 
of iodium ehlorhlo by tlie hydnjchlorio field, ®o tliat the motion 
may rcqirasanted in two iduiaca, as clesciibod abo?©. In this 
manner, limlium hypochlorite, NaClO, iiiicl sodium chloride are simub 
taiieously formiKl : 2,Nii.llC> + Cluss NaCI + NaClO + IL/X The 
resultant, iicdution cnntainM KaC'31) and i» termed *€mu de Javelle. An 
exactly jiliiiilar rea€!ti«>n telcei plami when chlorine is pawed o?er diy 
hydrate of lisne at tlie ordinary twBptnstere i i(3b<HO)g q- ^1| 
•» CJaCliOf + ttOli 4- illaO. A mlxMm of pmdmt ^ mtMeptis 
with mlcluiii cfhlorid© is ©bt&Iiwxi. Thii mktnre is mploy^ in pimotiee 
on ft largo scale, and Is tfiriiiiHl * lileachiiig powclefi owing to to aetkg, 
especially wluui mixed with acidB, as a bkiaohing agent on tissues, so 
that ii ii'imunlilea chlorine in tlik rf>i|Mjct. It is however preferable 
te chlorine, la^cautu^ the cleatructivo action of the chlormo can be 
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CaH202 Of Ca(0H)2, may be replaced by chlorine and give potassimn 
hypochlorite, KCIO, calcium hypochlorite, CaG2^2> so-called 

chloride of nitrogen, NCI3, For not only is the correlation in compoaitioB 
the same as in the substitution in marsh gas, but the "whole mechanisn® 
of the reaction is the same. Here also two atoms of chlorine act f 
one takes the place of the hydrogen whilst the other is evolved as 
hydrochloric acid, only in the former case the hydrochloric acid evolved 
remained free, and in the latter, in presence of alkaline substances, 
it reacts on them. Thus, in the action of chlorine on caustic 
potash, the hydrochloric acid formed acts on another quantity of caustic 
potash and gives potassium chloride and water, and therefore not only 
KHO + CI2 = HCl -f KCIO, but also KHO + HCl == H2O + KCl, 
and the result of both simultaneous phases will be 2 KHO -f 012 
=r H2O -j- KCl -f- KCIO. We will here discuss certain special 
cases. 

The action of chlorine on ammonia may either result in the entire 
breaking up of the ammonia, with the evolution of gaseous nitrogen, 
or in a product of metalepsis (as with CH4). With an excess of 
chlorine and the aid of heat the ammonia is decomposed, with the 
disengagement of free nitrogen.^® This reaction evidently results 
in the formation of sal-ammoniac, 8NH3 -j- 3CI2 = 6NH4CI + ^2* 
But if the ammonium salt be in excess, then the reaction takes the 
direction of the replacement of the hydrogen in the ammonia by chlorine. 
The principal result is that NTHs 4 - 3CI2 forms NCI3 4- 3 HC 1 .^® 

^8 This may be taken advantage of in the preparation of nitrogen. If a large excess 
Of chlorine water be poured into a beaker, and a small quantity of a eolution of ammonia 
be adcle 5 , then, after shaking, nitrogen is evolved. If chlorine act on a dilute solution 
of ammonia, the volume of nitrogen does not correspond with the volume of the 
chlorine taken, because ammonium hypochlorite is formed. If ammonia gas be passed 
tlu*ough a fine orifice into a vessel containing chlorine, the reaction of the formation 
of nitrogen is accompanied by the emission of light and the appearance of a cloud of sal- 
ammoniac, In all these instances an excess of chlorine must be present. 

^ The hydrocliloric acid formed combines with ammonia, and therefore the final result 
is 4NH5+iBCl2»NCl5+8NH4Cl. Eor this reason, more ammonia must enter into tho 
reaction, but the metalepsioal reaction in reality only takqs place with on excess of 
ammonia or its salt. If bubbles of chlorine be passed through a fine tube into a vessel 
containing ammonia gas, each bubble gives rise to on explosion. If, however, 
chlorine be passed into a solution of ammonia, tho reaction at first brings about 
the formation of nitrogen, because chloride of nitrogen acts on ammonia like chlorine. 
But when sal-ammoniac has begun to form, then the reaction directs itself toward® 
the formation of chloride of nitrogen. The first action of chlorine cm a solution of 
eal-ammoniac always causes the formation of chloride of nitrogen, which then reacts on 
ammonia thus: NCl3+4NH5=N2+8NH4Cl. Therefore, so long as the liquid fs aBRa* 
line from the presence of ammonia the chief product will be nitrogen. SKie reaction 
NH4CI+ SCl2= NCI5+ 4 HC 1 is reversible ; with a dilute solution it proceeds in the above* 
described direction (perbaps owing to the afiSnity of the hydrochloric acid for the excess 
of water), but with a strong solution of hydrochloric odd it takes the 
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may be prepared in the laboratory by passing a ctirrent of chlorine 
through a cold nuxtiire of water and lime (milk of lime). The mixture 
must be kept oold, as otherwise 30a(C10)2 passes into SCaCla 
-f 0 a(C 103 ) 2 . In the manufacture of bleaching powder in large 
quantities at chemical works, the purest possible slaked lime is taken 
and laid in a thin layer in large flat chambers, M (whose walls afe 
made of Yorkshire flags or tarred wood, on which chlorine has no 
action), and into which chloHne gas is introduced by lead tubes. The 
distribution of the plant is shown in the annexed drawing (fig. 67). 



Pro. 67. — Apparatus for the manufacture of bleaching poTdMr (on a small scale) by the action of 
chlorine, which is generated in the yessels OjUn. lime,- which is-oharged into II. 


The products of the metalepsis of alkaline hydrates, KaClO and 
0a(010)2x which are present in solutions of * Javelle salt ^ and bleaching 

chloride is foitoed by the action of water on bleaching powder, and this is proved to be 
the case by the fact that small quantities of water extract a considerable amount of 
calcium chloride from bleaching powder*. If a largo quantity of water act on bleaching 
powder an excess of calcium hydroxide remains, a portion of which is not subjected to 
change. The action of the water may be expressed by the following formulse : From the 
dry mass Ca5(HO}6Ci4 there is formed lime, Ca(H0)2, calcium chloride, CaCl2, and a 
saline substance, Ca(C10)3. Ca5H60(jCl4=CaH202 + CaCl202+CaCl«i + 2H20. The ret- 
sulting substances are not equally soluble ; water first extracts the calcium chloride^ 
which is the most soluble, then the compound Ca(CJ10)2and ultimately calcium hydroxide 
is left. A. mixture of calcium chloride and h3rpochlorite passes into solution. On erapo- 
ration there remains CagO^Cl^SHaO. The dry bleaching powder does not absorb more 
chlorine, but the solution is able to absorb it in considerable quantity. If the hqnid be 
boded', a considerable amotmfe of dbloc^ monoxide is evolved. After- this Aa lm rim 
chloride alone remains in solution^ and the defoOinposition may be expressed as follow®-; 
Ca(Jl2+CaCl203+2Cls— SlCaOIg+SCiSgO. Ghlorme monoxide may be prepared in thib 
xtanner. 
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powtlf^r (ilw'^y ara not olitiiiiuH! from motolHo chlaridas), must bo 
ctnitif.inl hiiILHj biH’au.^^o thoirmotalH an> oapablo of eiibstitution. But 
tbr hydraio llCU(i ri»m*.H|Kmtliug with iJieso mit-i, or hypoMorom 
ffi’fV/, in uof. in a iVocs or puro hlaU% for two roasoiis ; in tbo 

firnt |>lac'Oj larraum^ tln.s hydrato, an a very fooblo acid, splits up (liko 
or HN(tj) ink> wa|4»r ami ilu^ fin!iyclri<!o, or c.klorinti mmioxule. 
Cl./y » 2I101O -™ I'LjO ; iiiicl, in the nocoiui placo, Uicaunoj in a uuml»or 
of iiiHtiiiicf'fij it ovolvos t,«yg©n with grtmt facility, forming liytlrocliilurio 
ftcnd j MClO =s: irCi -f (X Both hypochloroua acid ant! chlorino 
niouoEkle mtiy l>e rt^gardcx! as pnaluota of the metalepsis of water, 
boraiine IIOH cH»rresponc!s with CIO 1.1' and, OlOCL Ilenoa in matiy 
!>hnudiing naltH (a miKture of liyjxKhlorites and chloHdos) 
hri’ak up, with fhi’ ev<»luiii>ii <)f (I) rlii(yrl7u\ under the action of an 
OHrixn nf a ptiwrrkil arid eRpa,.!)l<'! of i^vidviiiig liydrorliloric acid from 
sotltuiu or oalrituu c*!dori<lcn^ and UnB iuktai place most simply uudor 
tho urliou of liydrnciilorii* arid itnolf, In’cmine (p. 4G2) NaCl 4» NaClO 
4 - ‘,!Na(d 'f liCI 4* €1^ -P ih/l; (2) an we liaw in 

Cl IS pier 1 .1 .1 . ■ I’he I , doaciu ng prc>|>ertit» and , in general, ■ muimng actim 
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combine with the bases mentioned. T^refore, if such oxides as those of 
zinc or mercury be shaken up in water^ and chlorine be passed through 
the turbid liquid, a reaction occurs which may be expressed in' the 
following manner • 2HgO + 2 CI 2 = Hg20Cl2 + CI 2 O. In this case, a 
compound of mercury oxide with mercury chloride, or the so-called 
mercury oxychloride, is obtained : Hg20Cl2 = HgO -f HgCl 2 . This is 
insoluble in water, and is not affected by hypochlorous anhydride, so 
that the solution will contain hypochlorous acid only, but the greater 
.part of it splits up into the anhydride and water. bis 

Chlorine monoxide, which corresponds to bleaching and hypo- 
chlorous salts, containing as it does the two elements oxygen and 
chlorine, forms a characteristic example of a compound of elements 
which, in the majority of cases, act chemically in an analogous manner. 
Chlorine monoxide, as prepared from an aqueous solution by the 
abstraction of water or by the action of dry chlorine on cold mercury 
oxide, is, at the ordinary temperature, a gas or vapour which con- 
denses into a red liquid boiling at -I- 20° and giving a vapour whose 
density (43 referred to hydrogen) shows that 2 vols. of chlorine and 
1 vol. of oxygen give 2 vols. of chlorine monoxide. In an anhydrous 
form the gas or liquid easily explodes, splitting up into chlorine and 
oxygen. This explosiveness is determined by the fact that heat is 
evolved in the decomposition to the amount of about 16,000 heat units 
for Cl20.^^ The explosion may even take place spontaneously, and also 

Dry red mercury oxide acts oa chlorine, forming dry hypochlorous anhydride 
(chlorine monoride) (Balard) ; when mixed with water, red mercury oxide acts feebly on 
,'Chlorine, and when freshly precipitated it evolves oxygen and chlorine. An oxide of 
[mercury which easily and abundantly evolves chlorine monoxide under the action of 
/chlorine in the presence of water may be prepared as follows : the oxide of mercury, 
!precipfl)ated from a mercuric salt by on alkali, is heated to 800° and cooled (Pelouze). If 
a salt, MClO, be added to a solution of mercuric salt, HgX 2 , mercuric oxide is liberated, 
[because the hypochlorite is decomposed. 

ss bis ^ solution of hypochlorous anhydride is also obtained by the action of chlorine 
jon many salts ; for example, in the action of chlorine on a solution of sodium sulphate 
the lollotring reaction takes place : Na 2 S 04 + H^O + Cl^ = NaCl + HCIO + NaHS 04 . Here 
jthe hypochlcorous acid is formed, together xrith HCl, at the expense of chlorine and 
Water,* for Chj+HiaOsaHCl + HClO. If the orystallo-hydrate of chlorine be mixed with 
mercury oxide, the hydrochloric acid formed in the reaction gives mercury chloride, 
and hypochlorous acid remains in solution. A dilute solution of hypochlorous ooid 
or chlorine monoxide may be concentrated hy distillation, and if a substance which 
takes up water (without destroying the add) — for instance, calcium nitrate — be added 
to the stronger solutioui then the anhydride of hypoohlorgus acid — i.e, chlorine mon- 
*.oride — ^is disengaged. 

55 All explosive substances are of this kind— ozone, hydrogen peroxide, chloride of 
nitrogen, nitrocompounds, dfc. Hence they cannot be formed directly from the elements 
or their shnplest compounds, but, on the contrary, decompose into them. In a liquid 
state chlorine monoxide explodes even cm contact with powdery substances, or when 
rapidly agitated— for instance, if a file be rasped over the vessel in which it is contained. 
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fn the presence of roany oxidisable substances (for instance, sulphur, 
organic compounds, <fec.), but the solution, although unstable and 
showing. a strong oxidising tendency, does not explode.^ It is evident 
that the presence of hypochlorous acid, HCIO, may be assumed in an 
aqueous solution of CI2O, since CI2O + H2O =: 2 HC 10 . 

Hypochlorous acid, its salts, and chlorine monoxide serve as a 
transition between hydrochloric acid, chlorides, and chlorine, and a 
whole series of compounds containing the same elements combined 
with a still greater quantity of oxygen. The higher oxides of chlorine, 
as their origin indicates, are closely connected with hypochlorous acid 
and its salts . 


Clj, 

NaCl, 

HCI, 

hydrochloric acid, 

CljO, 

NaClO, 

HCIO, 

hypochlorous acid 

C1203, 

NaClOa, 

HCIO2, 

chlorous acid.^.® 

C1205, 

NaClOa, 

HCIO3, 

chloric acid. 

C1207, 

NaC104, 

Hao4, 

perchloric acid- 


When heated, solutions of h3rpochlorites undergo a remarkable 
change. Themselves so unstable, they, without any further addition, 
jdeld two fresh salts which are both much more stable ; one contains 
more oxygen than MClO, the other contains none at alL 

3MG10 = MCIO3 + 2M01 

hypochlorite chlorate chloride 

^ A solution of ohlorine monoxide, or hypochlorous acid, does not explode, owing to 
the presence of the mass of water. In dissolving, chlorine monoxide evolves about 9,000 
heat units, so that its store of heat becomes less. 

The capacity of hypochlorous acid (studied by Cariuaand others) for entering into com- 
bination with the unsatorated hydrocarbons is very often taken advantage of in organio 
chemistry. Thus its solution absorbs ethylene, forming the chlorhydrin O2H4OIPH. 

The oxidising action of hypochlorous acid and its salts is not only applied to bleaching 
but also to many reactions of oxidation. Thus it converts the lower oxides of manganese 
into the peroxide. 

Ohlorom aoid, HCIO2 (according to the data given by Millon, Brondau, and 
others) in many.respeots resembles hypochlorous acid, HCIO, whilst they both dijffer from 
chloric and perchloric acids in their degree of stability, which is expressed, for instance, 
in their bleaching properties ; the two higher aoids do not bleach, but both the lower 
ones do so (oxidise at the ordinary temperature). On the other hand, chlorous acid is 
analogous to nitrous acid, HNO3 The anhydride of chlorous acid, CI2O5, is not known 
in o pure state, but it probably occurs in admixture with ohlorine dioxide, ClOg, which is 
obtained by the action of nitric and sulphuric acids on a mixture of potassium chlorate 
with such reducing substances as nitrio oxide, arsenious oxide, sugar, <&o. AH that is at 
present known is that pure chlorine dioxide CIO® {see Notes 89^8) is gradually converted 
into a mixture of hypochlorous and chlorous acids under the action of water (and alkalis) ; 
that is, it acts like nitric peroxide, NO® (giving HNO3 and HNOg), or as a mixed anhy* 
dride, 2C102+H20«=HC105 + HC10 o. The silver salt, AgClOa, is sparingly soluble in 
water. The investigations of GarzaroUi-Thumlackh and others seem to show that the 
anhydride ClgOj does not exist in a free state. 
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K dilute sulpbuTic acid be added to a solution of potassium chlorate, 
MoriQ ac^ is liberated, but it cannot be separated hy distilla- 
tion, as it is decomposed in the process. To obtain the free acid, 
sulphuric acid must be added to a solution of barium chlorate.^* The 
sulphuric acid gives a precipitate of barium sulphate, and free chloric 
hcid remains in solution. The solution may be evaporated under 
the receiver of an air-pump. This solution is colourless, has no 
smell, and acts as a powerful acid (it neutralises sodium hydroxide, 
decomposes sodium carbonate, gives hydrogen with zinc, &c.) ; when 
heated above 40°, however, it decomposes, forming chlorine, oxygen, 
and perchloric acid : 4 HCIO 3 = 2 HCIO 4 + H 2 O -f- Clg + O3. In a 
concentrated condition the acid acts as an exceedingly energetic 
oxidiser, so that organic substances brought into contact with it burst 
into flame. Iodine, sulphurous acid, and similar oxidisable substances 
form higher oxidation products and reduce the chloric acid to hydro- 
chloric acid. Hydrochloric acid gas gives chlorine with chloric acid 

cold water, especially in the presence of other salts. The double decomposition faking 
place is Ca(C103).2 + 2KC1 = CaCL + QKCIO3. On a small scale in the laboratory potassium 
chlorate is best prepared from a strong solution of bleaching powder by passing chlorine 
through it and then adding potassium chloride. KCIO3 is always formed by the action 
of an electric current on a solution of KCl, especially at 80® (Haussermann and Naschold, 
1894), so that this method is now used on a Jarge scale. 

Potassium chlorate crystaUises easily in lajge colourless tabular crystals. Its solu- 
bility in 100 parts of water at 0°=8 parts, 20® =8 parts, 40® -14 parts, 60® =2^ parts, 
80® =40 parts. For comparison we will cite the following figures showing the solubility 
of potassium chloride and perchlorate in 100 parts of water : potassium chloride at 0® = 28 
parts, 20° = S6 parts, 40®=40 parts, 100°=67 parts; potassium perchlorate at 0® about 
1. part, 20® about If part, 100^ about 18 parts. When heated, potassium chlorate melta 
(the melting point has been gfiven as from 835°-876°; according to the latest determination 
by Gamelley, 859®) and decomposes with the evolution of oxygen, potassium perchlorate 
being at first formed, ns will afterwards be described (see Note 47). A mixture of 
potassium chlorate and nitric and hydrochloric acids effects oxidation and chlorination 
in solutions. It deflagrates when thrown upon incandescent carbon, and when mixed 
with sulphur (} by weight) it ignites it on being struck, in which case an explosioji 
takes place. The same occurs with many metallic sulphides and organic substandcfs*. 
Such mixtures are al so ignited by a drop of sulphuric acid. All these effects are due to the 
large amount of oxygen contained in potassium chlorate, and to the ease with which it 
Is evolved. A mixture of two parts of potassium chlorate, one part of sugar, and one 
part of yellow prussiate of potash acts like gunpowder, but burns too rapidly,, and 
therefore bursts the guns, and it also has a very strong oxidising- action on their met^ 
The sodium salt, NaClO.^, is much more soluble than the potassium salt, and it is 
therefore more difficult to free it from sodium chloride, &c. The barium, salt -is also 
more soluble than the potassium salt; 0°=i24 parts, 20° =87 parts, 80® =98 parts* of salt 
per 100 of water. 

3® Barium chlorate, Ba(C10s)2,H20, is prepared in the following way : impure chloric 
acid is first prepared and saturated with baryta, and the barium salt purified by crystal- 
lisation. The impure free chloric acid is obtained by converting the potassium in potas- 
sium chlorate into an insoluble salt. This is done by adding tartaric or hydrofiuoSilicio 
acid to a solution of potassium chlorate, because potassium tartrate and potassium silioo- 
fiooride ora very sparingly soluble in water4 Chloric acid is easily soluble in -water. 
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It nniy itself hi» ftirtlior nxhliind. Ir* tibtolving in wati^r * 4 ' alkalw 
ohloric I'ierotidogi voj c!dori»a« and liypmdiloroiia acid« - *’t *|< 4 . 'j K 1 1 c) 

» KOlOg "f KCiOn -f lf| 0 — and ihorofort^ like iiiirii-f 
the dlojudo may l>t n^artlotl m an intoriwidkl^^ i;is.iif 0 b'twe-*«ri thii 
(naktiown) adbydridoi of oliloroun and oldorio «ckk : IC,*|y, 

+ CIA-'* 

Ai tlio i&lti of clilonc aoid, IICIO 41 , aro |>n:Kl«c«^l liy llio aplitllng 
ng of tho aalti of liypiKlilon.ms atdd, m In Ilio laini© wiiy llm miltj of 


^ Tp pwfmni C*K'»| liKJ c*# iiuJ|ihani? ikurM ikmM in m isiitliir® r4 Iw 

ialt, ibiicl 10 itmum nt |n4«Ni4Mm «ur» y* ili# «*n4 wtiteli 



i»yi tifti «hk«li fe % talM la » In ilil# 


liil#d hj Ihf lAlIkin «f §, itiiiill «if utiJphtirk iic44. It * ,to4Mn»ii Il«1 ar-it 

lipia KClOs^l Ok) eril»imry t«iti|«ir»liir«% » miJtlwrv «if i’ij ftn4 i‘l< 4« 1-ui if i|«§ 

Im ki mi ' thr- grmJUt jHiyi of Iho t'li 'V^ 1 %^U^n 

tilfc»ttgh Iiol fiwiittlipll t»f Mill'lf il tsuellpw it. (|tTil|| fcl 

#lt»|>k*y lW« ia#th«ni ftir wiiiUt »*f rtt-tiiicf in 
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perchloric acid) HCIO4, are produced froih the salts of chloric acid^ 
HCIO3. But this is the highest form of the oxidation of HCL PeTchlork 
acid, HCIO4, is the most stable of all the acids of chlorine. When 
fused potassium chlorate begins to swell up and solidify, after Imving 
parted with one-third of its oxygen, potassium chloride and potassium 
perchlorate have been formed according to the equation SKCIOg 
=KC 104 + KCl + O2. 

The formation of this salt is easily observed in the preparation 
U>f oxygen from potassium chlorate, owing to the fact that the potas- 
sium perchlorate fuses with greater difficulty than the chlorate, and 
therefore appears in the molten salt as solid grains {see Chapter IIL 
Kote 12). Under the action of certain acids — for instance, sulphuric 
and nitric — potassium chlorate also gives potassium perchlorate. This 
latter may be easily purified, because it is but sparingly soluble in %vater, 
although all the other salts of perchloric acid are very soluble and even 
deliquesce in the air. The perchlorates, although they contain more 
oxygen than the chlorates, are decomposed with greater difficulty, and 
even when thrown on ignited charcoal give a much feebler defiagratiou 
than the chlorates. Sulphuric acid (at a temperature not below 100 °) 
evolves volatile and to a certain extent stable perchloric acid from 
potassium perchlorate. Neither sulphuric nor any other acid will 
further decompose perchloric acid as it decomposes chloric acid. Of 
all the acids of chlorine, perchloric acid alone can be distilled. The 
pure hydrate HCIO4 is a colourless and exceedingly caustic substance 

If a solution of clilorio acid, HCIO3, be first concentrated over sulpburio acidmidcsr 
the receiver of an air-pump arid afterwards distilled, chlorine and oxyg*^n arc evolved 
and perchloric acid is formed: 4HC103=2HC104 + Cl2 + 80 + H3O. Roscoo acconllngly 
decomposed directly a solution .of potassium chlorate by hydrofluosilicic acid, decanted 
it from the precipitate of potassium silicofluoride, K2SiFg, concentrated tlia solution of 
chloric acid, and then distilled it, perchloric acid being then obtained [see following foot- 
note). That chloric acid is capable of passing into perchloric acid is also seen from the 
fact that potassium permanganate is decolorised, although slowly, by the action of a 
solution of chloric acid. On decomposing a solution of potassium chlorate by tlio action 
of an electric current, potassium perchlorate is obtained at the positive electrode 
the oxygen is evolved). Perchloric acid is also formed by the action of an electric eiKTont 
on solutions of chlorine and chlorine monoxide. Perchloric acid was obtained by Conat 
Stodion and afterwards by Serullas, and was studied by Rosooe and others. 

^ Perchloric acid, which is obtained in a free state by the action of sulphuric acid on 
its salts, may be separated from a solution very easily by distillation, being volalilo, 
although it is partially decomposed by distillation. The solution obtained after distiller 
tion may bo concentrated by evaporation in open vessels. In the distillation the eoIutioB 
reaches a temperature of 200®, and then a very constant liquid hydrate of the compoei- 
diion HC104,2H20 is obtained in the distillate. If this hydrate be mixed with sulphuHo 
add, it begins to decompose at 100®, but nevertheless a portion of the acid passed over 
into the receiver without decomposing, forming a crystalline hydrate HClO^jHaO which 
melts at 60 °. On carefully heating this hydrate it breaks up into perchloric acid, which 
distils over below 100®, and into the liquid hydrate HC104,2H20. The acid HC104'may 
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On comparing chlorine as an element not only with nitrogen and 
carbon but with all the other non-metalUc elements (chlorine has so little 
analogy with the metals that a comparison with them .would be super* 
fluous), we find in it the following fundamental properties of the IwHogem 
or salt-producers. With metals chlorine gives salts (such as sodium 
chloride, &c.) \ with hydrogen a very energetic and monobasic acid HCl, 
and the same quantity of chlorine is able by metalepsis to replace the 
hydrogen ; with oxygen it forms unstable oxides of an acid character. 
These properties of chlorine are possessed by three other elements,, 
bromine, iodine, and fluorine. They are members of one natural family. 
Each representative has its peculiarities, its individual properties and 
points of distinction, in oombination.and in the free state — otherwise they 
would not be independent eleihents ; but tbe repetition in all of them 
of the same chief characteristics of the family enables one more quickly 
to grasp all their various properties and cl^iEy the elements them- 
selves. 

In order to have a guiding thread in forming comparisons between 
tbe elements, attention must however be turned not oifly to their points 
of resemblance but also to those of their properties and characters in 
which they differ most froin each other. And the atomic weights of 
the elements must be considered as their most elementary propeii^y, since 
this is a quantity which is most firmly established, and must be taken 
account of in all the reactions of tbe element. The halogens have the 
following atomic weights — 

F = 19, Cl«35*5, Br = 80, ,1 = 127. 

AU the properties, physical and chemical, of the elements and their 
corresponding compounds must evidently be in a certain dependence 

chlorine, the chlorine being displaced by the oxygen disengaged, Spring and Prot 
(1S89) represent the ©volution of oxygen from KCIO^ as due to the salt first splitting up 
into base and anhydride, thus (1) 2MC10s = M 2 O + ClaOg ; (2) ClaOi^Ch+Oa; and (8) 
MaO + Cl-SJMCl+O. 

I may further remark that the decomposition of potassium chlorate as a reaction 
evolving heat easily lends itself for tins very reason to the contact action of manganese 
peroxide and other similar admixtu/es-]^ for such very feeble influeuoes as thpse of 
contact may become evident either in those cases (for instance, detonating gas, 
hydrogen peroxide, &o.), when the reaction is accompanied by the evolution, of heat, or 
when (for instance, H3+I2, dfc.) little heat is absorbed or evolved. In these cases it is 
evident that the existing equilibrium is not very stable, and that a small alteration in the 
conditions. at the surfaces of contact 'may stifSce ,to upset it. In . order to' conceive tlm 
modus operomM of contact phenomena, it is enough to imagine, for instance, that a the 
surface of contact the movement of the a'toms in ^e molecules changes from a circular 
to' an eUiptioal path. Momentary end transitcry. compounds myay be foimed, but' thelir' 
lormation ioannot aflect the explanation of the phenomena. 

*9 
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m this ftsndaroeBte.1 poliikfc, if the grouping imnw fiis«ilj 1%® 
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ohiorine, occupy a iiiimn portion bdtwoiijfi tliM® «»! tlirw iw« 
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IIF, IICI, IIBr, IlL 
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dom not giro any oxygen eompountia Th« iialinii ami lironiiiie 
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lias so little affinity for hydrogen that hydriodio acid^ HI, is formed 
with difficulty, is easily decomposed, and acts as a t^ucing agent in 
a number of cases. 

From the form of their compounds the halogens are univo^mX 
elements with respect to hydrogen and septivalent with respect to 
oxygen, N being trivalent tohyd^gen (it gives KH3) and quinquivalent 
to oxygen (it gives ^205), and 0 being quadrivalent to both H and O 
as it forms CH4 and CO2. And as not only their oxygen compounds, 
but also their hydrogen compounds, have acid properties, the halogens 
are elements of an exclusively acid chcmicier. Such metals as sodium, 
potassium, barium only give basic oxides. In the case of nitrogen, 
although it forms acid oxides, still in ammonia we find that capacity to 
give an alkali with hydrogen which indicates a less distinctly acid 
character than in the halogens. In no other elements is the acid- 
giving property so strongly developed as in the halogens. 

In describing certain peculiarities characterising the halogens, wo 
shall at every step encounter a confirmation of the above-mentioned 
general relations. 

As Jkumm decomposes water with the evolution of oxygm), 
Fa 4“ H2O == 2 HF + 0 , for a long time all efforts to obtain it in free 
state by means of methods similar to those for the preparation of 
chlorine proved fruitless."*® Thus by the action of hydrofluoric acid 
on manganese peroxide, or by decomposing a solution of hydrofluoric 
acid by an electric current, either oxygen or a mixture of oxygen and 
fluorine were obtained instead of fluorine. Probably a certain quantity 
of fluorine was set free by the action of oxygen or an electric 
current on incandescent and Ifused calcium fluoride, but at a high 
temperature fluorine acts even on platinum, and therefore it was not 
obtained When chlorine acted on silver fluoride, AgF, in a vessel of 
natural fluor spar, CaF2, fluorine was also liberated ; but it was mixed 
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formed double load aalfc HFjSKF^PbF^, which first, at 230°, 
decomposoe with the evolution of IIF, and then splits up forming 
BK FjFb.F^ and fluorine Fj|, which is recognised by the fact that it 
liUorates iodine from KI and Ofisily com])incs with silicon, forming 
SiF4. This method gives chemically pure fluorine, and is based upon 
the breaking up of the higher compound—^ to trail uoridc of lead, PbF4^, 
oorresponding to FbO^, into free fluorine, F^, and the lower more 
stable £orm*~bifluori(lo of lead, PbPg, which corresponds to PbO ; tliat 
is, rids method reaembltB the ordinary method of obtaining chlorine 
by meaiM of MnO^, m MnOl^ here breaks up into MnClg and 
chlorine, juat as rbF 4 splite up into PbF^ and fluorine. 

Among the com|K)uiHl8 of fluorine, calcium fluoride, CaFg, is some- 
what widely distributed in nature os fluur spar,''^’ whilst cryolite^ or 
aluminium sexHum fluoride, Na^AlF(;, is found mbi'o rartfly (in large masses 
in Greenlaiid), CryoliU?, like fluor spar, is also insoluble in water, and 
gives hydrofluoric acid with sulphuric acid. Small quantities of fluorine 
have also in a number of cases been found in the bodies of animals, in 
the blood, urine, and \m%m* If fluorides occur in the bodies of animak, 
they must liave been introduced in food, and must occur in plants and in 
water. And as a matter of fact river, and especially sea, water always 
contains a certain, although Email, quantity of fluorine compounds. 
Hydrofluoric acid, HF, cannot l>o obtained from fluor spar in gloss 
retorts, beatuits glass is itcied on by and destroys the acid. It is 

T. NikiAukin (IWSS) ftiul FruHlrbh tui<\ Classon obtaiaed PbCk 

ftud a doubk» aancaalum of t«traoblorii» of batl (wtartiug from tho binoitido), 
PbCbSNHiCl I Hutoblam md cbtalnid a similar ialt of aootio aoid (1808) 

<mrMpoadl«f lo by Md load with aeotio aoid ; tbo oompoaitiem ol 

IWi Mdfe If Fb{Of llsO:t)4 } II m«it» (aad d#wmpoi«a) at aboal 175^. Bmoaw (1804) 
a tall € 0 )rmi|>ondying lo ol luad, FbF 4 , aad tbo aoid c^XTispondiag; 

lo II, Il 4 l*bF^. For oxaniiplo, by troaling potasalura plumbalo (Cliaplor XVXXL Note 88) 
with Miroijg HF, autl aliw) Ihii abovo.moiitionod t®tra«aootato with a iolutioa of BIHF®, 
ilrantu^r ubUiinotl oryHtaUiuo HK,^PbFH““i<». tho aalt from wbkb ho ohtida^ fluorbao. 

U iM ctUhnl upar bwau«» it vory froquontly wiQura am ory^fcali of ft cloarly laiamair 
liructoro, aiul i# UumifoTO iia^ily Bplitup into pltK^g bounded by plsmoi, It it oalkdduor 
biK'uuM whim u»tid tM a dux it rtmeiora otm fu^iblo, owing to its reacting with silica, 
fiiOg \ tiCJaF.j '>■* ‘i< 'aO + BiB' 4 ? tho idUconi fluoride OficapcH m a gan and the lime combines 
witis a furthof tiuMnilly of ailioa, and givos a vitriMmu slag. Fluor »par oooura in minciral 
tcinii and rmk^ wwmUiiinis in conaidemhte qnantiticH. It always crystalU»ci in the cubic 
ty»ti«n, Kniwymei In very large Mmi^'transim.rcut cubic oryntali, which arc colourless or 
of diffwront coh>w», It is ittMolubbi in waUsr. It molts under tho lotion of htat, and 
oiyil*liii#i on cs'iolitig. Hit Mjioclfic gravity is 8T. Whin steam l» pa«»od over inoan* 
iltttir ^mx, liiius and hydrofiuorfo acid art formod : CaFsi+HnO-CaO -f SHF A 
dtmhlt <lix»iii|M.«iyoit »i alw imaily prodaood by fusing flwfor ft|Nar w|th sodium or potatslam 
liydfoxldiit, or ptiiailj., or even with fchoir carlmnatei i tlM fluorine thon pAa#iov#r to tha 
pc^^ua or sodium, mu\ tliu oxygon te tdm oaleium. In noluytmt— for fXMupte^ 
Ca(M%b+®^F»C»ft (|iw»ipitate) + 0KNOg (lu solution)— tlm formation ol «loia» 
iimrldi teiM owh^ lo lit v«qr sparing soliibilily. M,000 parte of wat^ diMolvo 
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and is distinguished by its poisonous properties, so that in working with 
the acid a strong drauglit must be kept up, to prevent the possibility of 
the tuiuos being inlialecl The non-metals do not act on hydrofluoric 
acid, but all inotalB-— with tlio exception of mercury, silver, gold, and 
platinum, and, W a cortein degreo, lead— decompose it with the evolution 
'of hydrogen. With bases it gives directly metallic fluorides, and 
behaves In many respects like hydrochloric acid There are, however, 
aeveml distinct individual differences, which are furthermore much 
greater than those between hydrochloric, hydrobromio, and hydriodic 
acid®. Thus the silver compounds of the latter are insoluble in water, 
whilst ©liver fluoride is soluble. Calcium fluoride, on the contraty, is 
insoluble in water, whilst calcium chloride, bromide, and iodide are not 
only soluble, but attract water with great energy. Neither hydro- 
chloric, hydrobromio, nor hydrioclio acid acts on sand and glass, whilst 
hydrofluoric acid corrodes them, forming gaseous silicon fluoride. The 
other halogen acids only form normal salts, KOI, KaOl, with Na or K, 
whilst hydrofluoric acid gives acid salts, for instanoe HKFg (and by 
dissolving KF in liquid HF, KHFgSHF is obtained). This latter 
propmij Is in olc^e connection with the fact that at the ordinary 
temperature the vapour density of hydroflumdo acid is nearly 20, which 
corresponds with a fbrmula a® Mallet (1881) showed ; but a 

dei>olymerisation occu» with a rise of temperature, and the density 
appr<moh^ 10, which answers to the formula HF.^ 

The analogy between chlorine and the other two halogen®, bromine 
imd iodine, is much more perfect Not only have their hydrates or 
adds mudi in. ^mmon, but they themselves resemble chlorino 
in many r^peots,^^ and even the properties of the corresponding 

c^fefllaid (owing lo 4h« fetmafloa of hydrofluosllioio ftoid). After being for som© 

is (niolted) twid ilio doiign drawn by ths steel point is found 

rs|>mduood In dull linos, Tho drawing xtmy bo also mado by the direct appHontlon of a 
UftiKtum of a giliooflutindo md Bulidiurio aold, whioh forms hydrofluoric acid. 

Malkt dotemlniid the density at 80^ and 100®, provioun te which Goto 

(180^) had dtitermijiod the vapour cknslfey at 100®, whilit Thorpe and Hambly (1888) 
Biatle foiirtoiin duterminaltoas tetwoon ac® and 88®, and showed that witliin this limit of 
Ihi doiiMtygwduidlydimlniiliei, Ju»t like the vapour of aootio aold, nitaxjgon 
dtehk, and othiirs. The tendency ol IIF to i^lymeriso Into Ha^s, is probably oonneoted 
with flte propurty of mmy fluoiidei of fanning add salts— for example, HHP^ and 
IlfSlFft, W« saw above HOI tm the same proptrty (forming, for Intfeanoe, HjPtCle, 
#©,, p. 487), and Itone© this iwporty of hydrofltmio add doe® not stand Iscdated from th® 
p*c^rli«» of th® other lidogeni. 

^ For insteiici®, the «x|i#riminl idth Puteh wetdl fdl (Note 10) may b® made with 
Jwl as well m wifli ddorino. A v©iy instructive experimint on Ihi direct com- 
fctettw of ^ Italff «ni with motels may \m made by throwing a small pl@o© (a shaving) 
®l ialo ft v#s#d Containing liquid bromine j the aluminium, h#lng lighter, floats 

m ^ iltef ft cwteln tlm« reaction »ete in aooompaaiid by the evolution 

imm of Immtet. The Inoandeteeui pteo® of motel movei rapidly 
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ittineral waters (those of Krouznach and Staro-rossiisTc) contain raetallio 
bromides anti iodides, always in admixture with an excess of sodium 
ohlorido. Those upper strata of the Stassfurt rock salt (Chapter X.1 
which are a source fk potasBium salts also contain metallic bromides,^^ 
which oollect in the mother liquors left after the crystallisation of the 
potassium salts ; and this now forms the chief source (together with 
certain American springs) of the bromine in common use. Bromine 
may be easily liberated from a mixture of bromides and chlorides, 
owing to the fact that chlorine displaces bromine from its compounde 
with sodium, magnesium, calcium, dra A colourless solution of 
‘“bromides and chlorides turns an orange colour after the passage of 
chlorine^ owing to the disengagoment of bromine.®® Bromine may be 
extracted on a large scale by a similar method, but it is simpler to add 
a small quantity of manganese peroxido and sulphuric acid to th^ 
mother liquid direct. This sots free a portion of the chlorine, and thiS 
ehlorino liberates the bromine. 

Bromine is a darX: brown liquid^ giving brown fumes, and having a 
poisonous suffocating’ smeU, whence its name (from the Greek 
signifying ©tU smelling). The vapour density of bromine shows that 
its molecule is Bra. In the cold bromine freezes into brown-grey scales 
like iodine. The melting point of pure bromine is-7®-05.®® The 
density of liquid bromide at 0^ is 3T87, and at 16® about 3*0, The 
boiling point of bromino is about 68® *7. Bromine, like chlorine, is 
soluble In water ; 1 part of bromino at 5® requires 27 parts of water, 
and at 16® 29‘parts of water. The aqueous solution of bromine is of 

^ Bui is no fodin® la SHstfart aiumUil®. 

^ Tb® dblodn# musi aal, however, b® In Urg# exoasst a® otherwise tb® bromlaa 
weald aonlAia abloda®. Commtrolftl bromiao aol unireqaantly ooatfdns oblodn®, as 
bromino obloddo ; this li more dolabl® in water tl»|ua bromino, from which it may tbus 
b® freed. To obtain pure bromino th® oommoroial bromine i® washed with w&fm, dried 
by ialpbario acid, and diatillod, tho portion coming over at 68® being ooUeoted ; tb® 
groab^r part h then oonvortod into potassium bromide and dissolved, and tb® remainder 
ii atblcd to tbo solution in order to separate iodine, wbiob is removed by sbokbg with 
^ItKin bisulphide. By boating the potasalum bromide Ums obtoined with manganese 
|>e»N«lde ®nd iulpburle acid, bromine ie obtained quite free Irom iodine, which, however, 
li not in certain kind® of eommerciol bromino (the Stassfurt, for instanoo). By 

toatment with potash, the bromine i® then converted into a mixture cd potassium 
bromidii and bromate, and tb® mixture (whiob is in the proportion given in tli® equation) 
4i diitllkMl with iplpburio acid, bromine being then evolved: 6KBr+KBr03+6Ha8b4 
» CEHBO4 + SllgO -f* flirt. After dlsidving the bromin® in a strong solution of calcium 
bromid® and lueeipitaMiig with an excess of water, it loses ah the ddorin® it oontaiaed, 
beeauKi eblorinii formi efleium ddoride with C^ft, 

^ There bM long exiitiHl a difference of opinion as to tb® melting point of pure 
INrombie. By tome invesWgatorfi (Regnault, Fierro) it was given as between - 7 ® md - 
toA hf otbwi (Bidwd, Liebig, Quindtee, Baumbauer) as between - 00 ® and - 96 ®. Thor® 
i« ft® douH ttiaaks more especially to tb® risearobe® of Eamtay and Young ( 1686 ), 
4biiA at «bout This Ugur® is not only estabUsbed by d^t mr* 
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Imlng burnt (or subjected to dry distillation) an asb is left whicli 
oblofly contains salts of potassium, sodium, and calcium, Tlie metals 
oocur in the soa-wocd as salts of organic acids. On being burnt tbeso 
'Organic salts are decomposod, forming carbonates of potassium and 
«odium. Hence, sodium carbonate is found in the ash of sea plants. 
The ash is dissolved in hot water, and on evaporation sodium car- 
Ijonate and other salts separate, but a portion of the substances 
lorbains in solution. These mother liquors left after the separation of 
the sodium carbonate contain chlorine, bromine, and iodine in combi- 
xnation with metals, the chlorine and iodine being in excess of the bromine 
IS, 000 kilos of kelp give about 1,000 kilos of sodium carbonate and 
1 5 kilos of iodine. 

The liberation of the iodine from the mother liquor is effected with 
comparative case, because chlorine disengages iodine from potassium 
Iodide and its other combinations with the metals. Not only chlorine, 
but also sulphuric acid, liberates iodine from sodium iodide. Sulphuric 
acid, in acting on an iodide, sets hydriodio acid free, but the latter 
easily decomposes, especially in the presence of substances capable of 
evolving oxygen, such as chromic acid, nitrous acid, and even ferric 
^salts.®* Owing to its sparing solubility in water, the iodine liberated 
feeparatoa as a precipitate. To obtain pure iodine it is sufficient to 
distil it, and neglect the first and last portions of the distillate, the 
middle portion only being oolloctod, Iodine passes directly from a state 
of vapour into a crystalline form, and settles on the cool portions of the 

to Iftfttrftl, SHI + 0 ** In + HgO, if toe oxygen procood from » substanee from which 
II li Mi^ly ovolvtd. For tol« roason oomimimds corrosponding with too higher stages of 
oxidation or dhlorlnation froqnontly give a. lowor stage when troatod with hydriodie acid. 
Ferrio oxide, FogOg, is a higher oxide, and forrods oxide, FcO, a lower oxide ; the former 
oomspemde with FoXg, and the latter wito FoXg, and this passage from the higher to the 
lower takes place imdcr the action of hydriodio acid. Thus hydrogen peroxide and 
Oiono (ChapUw IV.) are able to liberate iodine from hydriodio acid. Compounds of copper 
oxide, CuO or CUiXg, give oompounds of the suhoxide Cu.jO, or CuX- Even sulphuric acid, 
frhich oorreiiHJndu to the higher stage 8O3, is able to act thus, forming the lower oxide 
SOg. The liWration of iodine from hydriodie acid proceeds with still greater ease under 
Ih© aetion of iubst4nice« capable of disengaging oxygen. In pnwjtice, many methods 
arc'cmployiKl for UlHjraling iodine from acid liquids containing, for tixwnplo, sulphuric 
acid and hydricMho acid. The higher oxides of nitrogen arcs most commonly used ; they 
itoen pwi into nitrio oxida. Iodine may even be disengaged from hydriodie acid by the 
Miioii of Iodic acid, ^0, But there is a limit in these reaotioniof the oxidation of hydrl- 
0dw acid hiioaow, under certain conditions, especially in dilute solutions, the iodine 
mi free i» Itoell able to act at on oxidising agent>- 4 hal it, it exhibits the charooler 
ebdorine, and of the halogent in general, to wliich we shell again have occasion to 
wftr. to own, where a large quantity of iodine is extracted in toe manufacture of OhUi 
mllr% which oonlalni NalO^, it is mixed with the acid and normal sulphitee of sodium 
In i©luto» j toi iod.hi# ii totn precipitated according to toe equation SNolO^-f SNagSOf 
‘*'10 1* HfO. The iodine thus obtained is pmrided by eublimatioiu 
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appamlttSlamBular crjitak, Imving » hlmk §mj utitl fni‘t4i|||e 

lustra**' 

Tbti i|Kicifirgriivity o! til© cr^i^k ©f iodimi m 4itf». Il uuMm n| 
114 ‘’‘ aiicl IxjiLf »t 18 *r. Its vapour’ li at a iiiticli luwnr l«ii|Hirti'. 

t«re, and liof a vwkfc ©olottti wtituc^Jodiiiw t%mmm it* tin tun 
vfoM), iodliiO walls lyki vltaraclvrklic mmll *4 ||||it|. 

©WorOtti W4 I it liM » ihtrp suur Il tliu »kiii ii«ti «r||»fii 

of tb© body, aiid It thtintftir© fn‘H|«i.»nt1y4^ttipIi>y©4 €aui«^ri?itii|| iittil m 
aa irritant for tb© ikin. In iiimll €i^%nililm II luriii tin? r*klu liriiwti, 
but tho txiloratinn aft©r a wriaiii tl«w% |mrtly tiwiiig in i||© 

volatility of tho iiHliin?. Wutor tll»©lvr* only i^af of itMliiin, 
brovii solution i« tiuw ohteiii»«l, wliirh hhm4im^ but fiitirli iiiora fiM?liiy 
than broiwiii© arul clilc^ritip. Wak^r vt^blrli riiiilAifi# nail#* ami 
iodidi«», ill solution tllwolvoa itMiiri© in eoiyi|tii»rmbl« aipl llw 

wultoat soluiioti k of a dark brown ©olour. I’un* ak^iliol tlkaidviii m 
small amount of icMlin©, and iii m doitig a©i|ytr«w m hm^u ©«li»iir, bul 
tbo solubility of iodim) m eonsiilorahly inrn»iw«al by III© «if a 

small quantity of an ItKlin© roi«pimiiib—f*»r ln«tAnpf.\ ©lliil 
tbo alcohol/'® I’ltlior dianidviyi a largor anmunl of Imlitiii llimi alcoliot 
but iiKliiHi ss imHiauliirly stdublu in llqtiitl liyitwarlwii.ii, in cai'lwii lii- 
sttiphidt, and In cbloroform. A stiiall f|uaiitily of 
In oarbon biiulphMo tititi II r©s«i»oi4ouri but In a miin© w|:i«i krpi.r 
M^al It fim a vbl«t oolmif. Cblomfortii (*|Uilo frt» Irtmi aktoliol) 
Is dbo ttftlrf wloiir by a ituyi amounl of lo«lifM4 Ttii.« giv« mm 
way msMifor doteoMog tli© prwtsi<» of fro© Indiiw In quantiibi. 
Tilt bittt oolomtioii wliloli froi-i todino gh*©* willi §tmmk may 
M to alrfii^y ton fmcimintly-mniiyoimil Clmpief IV.b i«rwii for 
iJbo doiiofcloti of icHlint. 

If wo oom|Ar© tlio four ©lomonlii, iiumiit, ©yiiii.a«, tominw, ai.iii 
fodino, w© m% In tbi» an #i»iiipk tuli^iaiicps wlikli 

arrw^ by tlitir physlto propwiiis in klio amiio onitir m 

• Ifcf ^ tol ii la m ^ 

wi H Sf ^ aMtea ^ Im I«i 4» Ml' 

• ^ Wto Is iienliialisi *4 i44iit§ 

m fiMnl, mm kitoinM tel »4«ite l« 4m u « §miimUf 

b*lw#« tbt »lf«il to Piktea©#, te I♦an44 « 1 1 

^ tel vtew m k tollMS whtek wm ^liA la €%b^9 I., toiai» fa ||§» 

bi^lf to# ton 

•wk wtotloBi, fesii pf totwMilw., Il|€tito, »iil* l| •«i4 

Svttt a ^ It a W mlate «f teifcl* to* 

«l te tomato # a Mailt Ifo Wm m i4 1 1% 

^ to ttp to irt»i 

tokolkt4ttll«of Wiiiltei PtolbllEwn«»,i«i#iltoi|. ^ «l ikmm 

taoa'Pwwastesttbteteli^W'^.# mm ft* 
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%h^y fetand ifi respect to thoir atomic and mdlectklar weights. If tho 
weight of the molecule 1)0 largo, tho substance lias a higher spocifio 
gravity, a higher molting and boiling point, and a whole series of pro* 
|)orti60 doponding on this ditferenco in its fundamental properties. 
Chlorine in a free state boils at about —35°, bromine boils at 60°, and 
Iodine only above 180° According to Avogadro-Gerhardt^s law, tho 
vapour densities of these elements in a gaseous state are proportional 
to their atomic weights, and here, at aU events approximately, the 
denrities in a liquid (or solid) state are also almost in ^e ratio of their 
atomic weights. Dividing the atomic weight of chlorine (35*5) by its 
specific gravity in a liquid state (1*3), we obtain a volume « 27, for 
bromine (80/3*1) 26, and for iodino also (127/4*9) 26.^^ 

The metallic bromides and iodides are in the majority of cases, in most 
respects analogous to tho corresponding chlorides/^® but chlorine displaces 
'ilie bromine and iodine from them, and bromine liberates iodine from 
iodides, which is taken advantage of in the preparation of those halogens. 
However, tho roaoarchos of PotUitzm showed’ that a displace- 

ment of chlorine by bromine may occur both in' soltitions and in 
igrited metallic chloride ia ma atmosphere of bromine Vapour — ^that is, 
a distribution of the metal (according to BerthoHet’s doctrine) takes 
place between the halogens, although however the larger portion, stili 
unites with the chlorine, which shows its greater affinity for metals as 
compared with that of bromine and iodine.^® The latter, however, 

^ ejf thi atomio voluRi«a th© halogon© th©mMilv©ii li &ll th© more 

f«Ba»rkaW« m all Ih© hideffta oottipomidii tba volume aupaonte wltlx tho atbitl- 

di iuoritts by ohlmfia©, bmmitta, and lodiae. Thu®, for axamplo, tho volum# of 
•oiittk ittWfid# (©btahi.#d by dividiag th« wdg ht ojmrasifd by it® formuk^ bydt« sptoJno 
gravity) it about 18, of ©odium ohlorld# S7, of «odium bromld# and ^ aodlum iodldo 41. 

tb© volaroo of ©illoon ohloroform, fllHCb, i® 89, and tho&® of th© oorreapotdteg btomino 
tad kKlino comjKiunds art 108 and 129 TO«iw.tiv©ly. Tho tarn© ^®c txltli 

In iolutioni ; for oxamnlo, NaCl +900H.j,O ha® a «P‘.fr. (at 18°/4®) of 1*0106, ©ontoquontly 
tlte vaUufKi of ill© ®ohitio«'8,6Bft’8/l'Oll)6*.s»,02O, hm\m tiie volum© of ©odium oUorid® ia 
«<dutit»n -S.mm (thi® i» tho volum© of 200 HgO) ■ 17, and ia alodlar ©olutiouf, 

bfftllir « 26 Mid Nftl » 88. 

• But i\m douBity (and alto a\ohM5ular volumo, Not© 64) of a bromln© compound i© 
alwayi fimtir than that of a chlorin© oompoupti, whilit iliat of an icxlmp com|K>ttnd 
i$ »llll friiater. Th© order ii tho »am« in many othur For ©XMnpio, m. lodiuo 

^miiound ha© ft liiglitir iKuUng |wirtt ntama bromiit© ©omiHmnd, Ac. 

^ A. If. Poliliiiiii ihow«l that in htaUng variOu® metallic chlotidti tnn closed tub®, 
with |U» «|mntlly of brotniiio, a distribution ol th© iMtid hftwoontibi© h«log#a» 

dwayi ocourt, i«id tliat iho amount® of ohloHn© rtplacod by &© bromln© to ullto#tt 
©riMliiol aw proi'Hirtifmal to tho atomic weights of th© mttoJii taken and iav^*olj propor* 
Itoiml lo tl*®lr «|uivatomHi. Thu®, if NaClvBr b© taken, m«n ©ul ©I XOO prto ©I 
lAJbrIiiti i'M atti roplftoixl by ih© br©nua©i whilst with AgCl-tBr a7*28 piurto ar® 
fitftirei art* in Um rati© 1 : 4 ’ 9 , and th© atomle woighbi Na 5 Ag»l t4*7. 
tu « ft ohlorid© MGb» be lak«a, it givoi' with aBr a p«PO«nti|« tub- 

flitelioo irh«» M is abmlc wMght ©f th© Tbto.kw was 
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mmdlmm Uh%w ^Ith to metallic iixidea iti tht mm% 

mmmr chlormc^. O^y^Lmmc, by iKtnling |M*u,iiiiiin e&rliofmt# lu 
iinlina vapour, obtaiwKl {m with ohloririr) an woktiim of oxygini «it| 
mrlmm iinhyclridf, K 3 CO 1 4* I| w 2EI 4- Ci ig 4- O, tlm r%mc- 
tions Iwtwocm %lm lialogtus mid oxy-goa «»iiy rin'©r»il>k wiili 

broralae md Idilno IliiMi with chl«>nna Tliui, % ml lum% mjgmi 
diipli^ii toditti from Imrium iodulo. Aluiiiitiittm imliiln Imnm in 
Ik cttmot of oxyg^m fl>tn*slb mul Triii»xi), anil ti niitnbr, dilwuigli 
aot so cl»r!y markin!, rvlatiou oxiat# fcir ftlumitiiiiifi cbl»>fiii«3» ftiitl iilmwi 
tliat the hiivt% a clktiiictly »mallrr aH‘iini| for itionis iiirtmli 

whicli only form fri'blo lmi«. Tlii# b «lill w«ro tii« cam witli 
tlm iM»u 4 twta!s, whmh foriii ariib ami uvnivo iimrli tti«>r© witli 
oxygon than with this hftlo|vni (Kotc^ 1^1). Pwt m all ihm% liiilftiioni 
tho fttlinity (and aiiicmnt of hmt ovnlvi^J) of iiHlini* ami liroiiiiti# m hm 
than that of oWorino, priihably biicauao tb© atoitilo w<pi|hii aro gromlor* 

from obii»rfatloRii no of l4, K, Na, hg t,**» lit, tl», i%\ HI, ||g, pa 

m C«*8)* in mi), liutl IV, in mg}. 

I« ilwm <Vl#)nr»iin»iteii® «*f i'*»linifti» w« n ^ 

!‘n‘rtl»i*n«5i*« tlwtriii#, l»i*t ia» af»l «t**rt l*» ilimsOy lb# iiifif%lll«(ii el 

bj of Ttm fitfipsl tit %h»m In 

pwwiwg wbfthirt* « n«wttr# te 'ncliwf# |i#4l I# l«»l, m4 to 

thii in»l4iioii il dbonia l># biMNi>4i4«i Ih# In 

Altomlail willi ll» of lit# hm% lhao Ibat tl tkm «!• I« iiwa hf ll« 

ftfiifti ^fta to fti. 

II ^ aubM dt toMiiia li« toMMM4 ibM id ebtotlM ijn# 

laettiim Wm titaii#, if mmm* tl nt l i«i| 4 ii«t »ti » iii«l«iito 

a! wiilMi AI»iA#i ton i^mwliifwk il ton to#t4ifc«pl ton Iwi i iii im% 

li’ia pA $ to to* af I# it ti« ii*i4 WO mdm-ntmi d m a w«liws«|# «! 

iiLTlttBi nWorMi, to«i* will W lisping f % aio, iid 4i# f*«. d riibfiiin. II 

an tiiiiifiilanl df b|«lir#^l4b>fi0 In rl*»«p«l 

ant! Ill lti« of wator al a toin»|*(*m.lttfn *4 Wi'\ lti«« ton n«» 40 ^f»i<» 4 ## i4 ll*# tab* 

ilJtwilon of Oia broiiite# b| to# to to# ttony# S«A 4 »g iil#©# kmiwmm 

tt«»val*»ri4 iiiiWs ar# |ifw|nMrli©«kl to to«4f wpinfeiua F«f wsiAWii'to, 

Nailr 1 1 let. fivti al ton hmll 81 ^ RCI If pn. Agi'l *§ pt* 

Eiwiitllftlly to# mm9 tto## to Hwi 

Il owai^lmtoi hf %h§ pulWimlton df tot watnf . Tfe# mmUm* In 

nas « ^ otor al tot nrdtaayrf hm% #1 mSm^^ In 

Mite d a iitti# Mlateft (I iqnifilttti pm I htotil d tnKlitiei dilMfal# m% ^Ifm 
al te tattfwliyri iiimwiI d bititoMi to m « Ii4f »kr« it 

trf wWi !•& Wito m mmm »l to» tlw 

nlmt d to* nMiMte limiM hIm ptmmmt «iili Hm 

d bitl* ®b* m^m ^ttof hmd pmvrni mm ftp#4l|« b«l 

dio to a «rt4a Halil i» mmm^ to tot fitdte 4fCI ♦ 
d teoolte Mi to iPtnal lliMii 

tow i i « I* i» 

E fwi if’# mm - ^*11 

Ha mm mm mw 

ttoi i% to# 9mf^m$ Wkm #» hf m d ^ 1 ^ 1 ^ 

i4to twrj ttttto $mdm r^pWlj ihm to« m^mm 
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The smaller atoro of energy in iodine and bromine is seen still more 
eUuirly in tlio relation of tlio halogens to hydrogen. In a gaseons state 
th(>y all cantor, with more or less ease, into direct oombination with 
gaH4‘ou8 bydrogtni-— for example, in the presence of spongy platinum, 
forming halogen acids, JIX— -but tho latter are far from being equally 
stable ; hydrogen chloride is the most stable, hydrogen iodide the least 
so, and hydrogen bromide occupies an intermediate position A vary 
liigli temperature ia required to docompose hydrogen cIilorido..ovon par- 
tially, whilst hydrogen iodide is decomposed by light even at the 
ordinary temperature and very easily by a red heat. Hence the reaction 
Ig 4* Ilg sa HI + HI is very easily reversible, and consequently has a 
limit, and hydrogen iodide easily dissociates.^^ Judging by the direct 
meosunsmont of the heat evolved (22,000 heat units) in the formation 
of HCl, tlm conversion of 2IIC1 intoILj + Cl.j requires the expenditure 

Tfw (limociation of hj/driodu' ackl has »tudio<l in dotaO by JIautofouille and 
I/am<uu4% !r<nn wlusui rtmt^anilusH wo wxtroot the ftdlowing infonnation. Tho ddoom- 
of hy<lri<Mlio acid in dwidml, but proowds slowly at 180® ; the rate and limit of 
'decHnnjxmition inoreaiM^ with a rise of fcempomture. Hie reverse action— that is, Xa-h-Hg 
aiU— pix>ee#d« not only under the influenw of spongy platinum (Coren winder), 
which id»o a«eltiratt58 tlw decomposition of hydriodic acid, but also by itself, although 
©lowly. The limit of the reverse reaction remaiai the same with or without spongy 
platinum. An inwmae of prcisure has a very powerful accelerative effect on the 
rate of formation of hydrioclio acid, and tliercfore spongy platinum by condensing 
gie4t»ii l»ui tho tttuue effoct m increai»4» of pretsur©. At the atmospherio pressure the 
of hydri(Kli<" acid rcachcH tho limit at 260® in several montlis, and at 
440 *' ia eovtiml houra. Tho limit at 260® is about 18 p.c. of dccomiKisitkm— that is, 
out of 100 i^rts of hydr<»gcn prtiviounly combined in hydriodic mud, about 18 p,o. may 
Ih* dis4mgi4C<Kl at this ttmi|)erat«w (thin hydrogen may }m easily meaaared, and the 
muMuri of diftiociation det«miiln«Hl), but wot more ; ttie limit at 440® ig about 28 p.a 
If the pntiurt under which SHI pawei hate 11®+!^ be 4| atmospheres, tlien the limit is 
M p.c. ; under a preisttre of | atmotph^re fhe liaayit Is W p.a Hie small influence of 
iwniiiiiro on dl«oeiaticm of hydriodic acid (compered with N8O4, Cliapt©rVI.Note46) 
is duo b» tlio fiwfe that ilw^ rcfwition SlIIe^Ig + Ha It not acoompankd by a change of 
volume. In t»r<l4ir to show the influence of time, wa will cite the following figures 
refornng b» fJ6U“; (1) Ibwition IIy4* after 8 hours, 88 p.o. of hydrogen remained free; 
H lumrn, p.r.; 64 hoimi, 4H p.c.; 78 hours, W p.c.; and 827 hours, 18*6 pjo, (2) The 
r*»v*'r»io iiw<»m|Hmitiou of SHI ; iiftfor 0 hours, 8 p,c. of hydrogen was set free, and after 
S6t> luairt* IH’d |t.c.---tlmt iw, tho limit was rmched. The addition of extraneous 
ljydrog«« <liminifihos tho limit of tho reaction of dccomivositlon, or mcroaios the 
formation «»! bydritKlic acid from Itidiuo and hydrogen, as would be ex^KHsted from 
Ihiifibf4h4'« diK'iriim (Chapb^r X.). Thus at 44o® Sfl p.c. of bydrimlic acid is decomposed 
if tht^ro Im no miiniriure of hydrtigen, while H be added, then at Gm limit only half 
m largo a mass of HI in dei'omiMSMKh Hmrtdoro, if an infinite ma®i of hydrogen bs 
»dd«l there will be m* d*MH imposition of tlio hydriodic wid, light aids Urn doobmposition 
of hyilrhsiits ftcn<l very |Knv<#rf«Uy. At tho ordinal^ tcm|Hsrataro 80 pc. la decomposed 
under llm Influenco of light, whilst under Um hifluonce of heat alono this, limit oorr®. 

with a very high bunimrature, Tho distinct action of light, tpongy plaMaum, and 
of lm|ittritl©» in glimii (ew|->mnaUy of n«Klium«ul|drate, wWch dhc«uipoiM!hydriodicacld),aot 
mily tmAt Iho investigathms difllciilfc, but also ihow tliat In reacbloivlik©!iIH*l|j+ 
which ftfi iiMom|mnh4 by ttUght heat offcctii, all tcrclgn and fobbk iufliuunciw may ^xoi#|r 
thf of tho action (Nolo 47h 
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of 44,000 ha&t unita- Tlia t#f 2llBr Iiit« 

otily nH|iiirr% if tlit' in a etm* 

fiuujplioo of tilM'mi 24,000 unit#, wliil:*! in tin’ th'i'om|.iv,itii»ri nf 2111 
into II.j 4* I-j loi vitpoiir iilwiMt 5,000 lH‘At iiniii iirw rri.fivil ; 
timio failJ, wiiliowt dwilit, ii&ml in tfiumi |||«i gmii 

Mtability of liyclrogi^ri thliirklss iho r»f hydrngtm 

ioclkl«i| aacl tlici intorinijdtaio |)ro|writr^i «»f Fmia 

tills it would bo that chhuan*’ is il»':..‘sfrri|n 04 iig wiiltif 

with thft ovidutioti of «txyg«’ii. ^hibi imlsiio liss ip» 1 flip PiiPi'gj to 
proclisrti this di;^rO|.;ag 0 UH'i.t 2 ’’‘ altht.uigh it h «»’iyg«ii 

frosii tlH'OKidrs of pol.-i'.-.ium and llio alhnily iiP'tnli fcir 

tho hnlogon.H btnng vory ronsidorfildo. Ft»r thm ♦•nprrtiillj 

ill roiiipowiKlfifroin whiis:h it oim iaiovph’nl midily (for in^ilaiiro, 1 1iiC\ 
CrOi, tmsilj tlocotii|)f-»4i^ii liydmgini A iiiintwrw id liyilrogDii 

iodido ant! oxygon biirni In tho priwncoof an igiiilial nnlnimm**\ forwiing 
watar will lodlfio, Dmim of idlrin i«kl in m% ftttiiri-«|4iPr«^ *4 hydriiftn 
icMiida Cttuso tho dii'iriigfigoiiHnit of vlid^i ftiiiiP* of ioillno ami Hrowii 
fuiium of nitrio j.H?ruxic|p. in tlio «if idkalii ami an oicro'« tif 

Wilier, howovrr, imliiw m iihlo In tdfiwt oxidallon liko idili»riiit’'— -llitl 

^ Tim Oitmiftl diiteriiuiiAiiimii «4 ThriitiiMffii {*,% tif rii,ksfi#% 

Cl 'fliw +@S| IICi4 A«| Cllwl l*» en llt*i Its n «* * If 

iml Ottrtteri If 4* Cl ♦ A»| « 4 Si’i. I« liiliiwg ia»»i#ei»|«Nfc^ *|| ili«» %toe« mtml Im 
dowhWI.. Br II » + i'l I llllr * If 'f ; II # Hr ♦ A*| i- A* wt *| u ll<»r» 

tolofe ?*t §m l«if Hia »ii|wiriiiitkin pf ilff, lir-i# ? i«» i ii, 

If Bff h« lakiii M fftpofif for «iti|mri!tet« C% liw. III ♦ ifa j 

ll + l+Aq* + li*i, mill, if^wdiiin m ttw *4 Imi^m *4 ujinI «f 

vi.|wlmti«ifi O’O linpiil. muim., m\%\ t, ♦ tti*^ ♦ i t || |||^ 

lo4lw Itt a» eift|:«)tirt f*n lli® tm«ii ai hi(* «♦, igm#*, 

4- 0*S h#»t iniiits. Himihr r«fil.rft«lirl**r| pw:| «»lli la lltcftiwi*, 

eharriiiilTj la llw «4 I4*« «ii4 |«itL« iikiljr Ihn 

nf ilrpawllng titi iwllrmil ih» Tlsit« 

Itturown » ililute mti$Um **f imiab hy ll» 

wiMtbti gi-v# 1' iO’S, wliaiw*, limtlwf irti lii» 

K.I10 + 1 I 0 I| Kilo + 111 Mill Cl 4 II In asittPMift n |*« *«44» h * rtiol II * S » A»| * 

th«n, III+A% to fliii I #11. II In tlml mmf 

^ Om ©» Wl#¥*i m Hi# feiMii* nf IttfiMki’i 4%'iiiti#, m^i iti* 

?•.«!«• ©I t#lllMii iwm m% All a *4 by i 4*t» 

Oil ttll fkW A© Otomttoi *w| W#4ll *.fl Ili0 Im I lli*l il*# 

ioliiMlilf Wl«i to fmtor tTOr«iwr#ftBtr A* nf mmml m^nUm *mUi 
•Ihk, Syirl«dle »ltl li Apii f#in«»d, and It Imrmm* llm ff H 

tilnetel ft« SMli a witotliiii hf wWm hbnIjiliW#, tlt#fi. m ili^ tl* 

A« Mli« of iilt»«i MliyilrMp may hm in ||i« *« l»f 4 

•ta^. II mil mAf bt mimtkmi A«l a nawte nf *l«nkr pi**« k 

Hw ftai tsklftf pta Itt »ill Qifttttillti, tot# asp to MW |||*S »|l«isi^</#| I'f 

rtill m li ll»fi$p||*r« Milf 

At ^ m Am a^l««l to p%f *ii«fiii#if to i|» 

of Hm Md A# InflutMi mt. 
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it decomposes water ; the action is hero aided by the affinity of hydrogen 
iodide for tho alkali and water, just as sulphuric acid helps zinc to decom- 
pose water. But tho relative instability of hydriodic aoi4 is best seen in 
comparing tho acids in a gaseous state. If the halogen acids be dissolved 
in water, they evolve so much heat that they approach much nearer 
to each other in properties. This is seen from thermochemical. data, 
for in the formation of HX in solution (in a large excess of water) 
from tho p^awowelementE there is evohid for HOI 39,000, for HBr 32,000, 
and for HI 18,000 heat unita.^® But it is especially evident from 
the fact that solutions of hydrogen bromide and iodide in water have 
many poixuts in common with solutions of hydrogen chloride, both in 
their capacity to form hydrates and fuming solutions of constant boiling 
point, and in their capacity to form haloid salts, &o. by reacting on 
bases. 

In con 8 CM|U 0 noe of what hm been said above, it follows that hyd/ro- 
bromic and hydriodic acids, being substances which are but slightly 
etahle, cannot evolved in a gaseous state under many of those condi- 
tions under which hydrochloric acid is formed. Thus if sulphuric acid 
in solution acts on sodium iodide, all the same phenomena take place 
m with sodium chloride (a portion of the Sodium iodide hydri- 
CKiici acid, and all remains in solution), but if sodium iodide be mixed 
with strong sulphuric acid, then the oxygen of the hitter decomposes 
the hydrio<li(5 acid set free, witli liberation of iodine, 11^804 + 2HI 
ms 2 1 1 /) + BOa Ig. This reaction hikes phice in tho revorHO direction 
in the piwtnoe of a hrg§ qumdity of water (2,000 i>arte of water per 
1 part of fiOg), in wMoh «s© not only the affinity of hydriodic acid for 
water Is brought to l%ht but aJLw tlm action of water in directing chemi- 
ml rotations in which it participates Therefore, with a halogen salt, 
it is easy to ol>hiin gjiseons hydrochloric acid by the action of sulphuric 
acid, but neither hydrobromic nor hydriodic acid can be so obtained in 
tl»e frm Htate (as gases).'^^ Other methods have to be resorted to for their 
pn^piiration, iiiul recourse must not bo had to com|H)undfl of oxygen, which 
ani so ciisUy aide to destroy th(»o acids. Therefore hydrogtui sulphide, 
phc«phoni% &o., wliich tharoselvea easily take up oxygen, are introducc^d 
«4i mimns for tlio conversion of bromiiu^ and iodint^ into hydrobronuo and 
hydriodic acidg in the prowinco of water. For example, in the action of 
phoipliorus the essence of the matter is that the oxygen of the water goe® 

w Oil tiin liMUi iif in Note 68, 

A miuibur siiiular tjww cusuflriu wkitt hfti been taicl In Chapter X. 

W TIilf is pw#iiUt<l by th« riMltji^ibnifey of iulphurio sioul. If voktite widi b« lukasi 
ew, bother with llai hydrobromic wd hydriodic iweMs, wW» distihod; 
whilit laMy TOn»¥€»Uiite wskli which are sol rodocixl by liydrobrtMmic md hydriodio 
aohla only Ml Iwbly (Ukt phosphoric acid), mr do ad ad al aU (Mko bc^ acid). 
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convenient to take advantage of the reactions between phosphorus, 
the halogens, and water, the latter being present in small quantity 
(otljorwiso the halogen acids formed are dissolved by it); the 
halogen is gradually added to the phosphorus moistened with water 
Thus if rCid phosphorus bo placed in a flask and moistened with 
water, and brommo be added drop by drop (from a tap funnel), hydro- 
bromic acid is abundantly and uniformly disongagod.^^^ Hydrogen 

detail (of the quantity of mt«p, tamptratur®, pregflur©, mass, &o.) Tho study of 
lauetioad metbodi of prtpwration is tberofoio one of th© paths for th© study of ohomioal 
Baoohsnios. Th® roaotion of iodiu© ou phosphorus and wator is a ©as© Hk© that zu©u* 
tioasd in Note 74, and th©. matter is her© further oompHcated by th© possibility of the 
formation of th© compound PH® with HI, as wall as th© production of Pig, PI5, and tho 
affinity of hydriodio acid and tli© acids of phosphorus for water, Thto theorotioid 
Interest of equilibria in all thoir complexity is naturally very great, but it falls into tho 
background, in preseno© ot th© primary interest of discovering practical metliods for th© 
isolation of subitanoeg, and tho mcani of employing thorn for tho roquiromonta of man. 
It if only after tho satisfaction of those roquiromonta tlmt mterosts of tho other order 
arise, which in thoir turn must exert an influonoo on tho former. For these reasons, 
whilst CDUsidoring it opportune to point out th© tlmoretiool interest of ohemiosl 
equilibria,, th© chief attention of th© reader is directed in this work to questions of 
prsacticid Imp^riano©. 

Iiydrobr«ffldo add is sdso obtaiaed by th© action of bromin© oh parafitoi heated 
to IftO^ , Gustavion proposed to prepare it by Ihe action of bromin© (best added in 
drops together wlte traces of duminJum bromide) on anthracene (a solid hydrocarbon 
from coal ter), Bdard prepared it by passing bromha© vapour over moist pieces of 
©oinniioini photphoms. IHio liquid tribromide of phosphorus, directly obtained from 
plkOMphoruB and bromine, also gives hydrobromio acid when treated with water. Bro- 
mide of |K»tessiu*n or laKliotn, when treated with sulphuric acid in tlie presence of 
phosphorus, also give® hydrobromio acid, but hydricHlic acid is decomposed by this 
jeacteoil, In order to free hydrobAmic acid from brommo vapour it is passed over moist 
phoiq^bowi* and dried eite«r by phosphmdo anhydride or calcium bromide (calcium 
ohlcddi ©wanot be used, m hydio^orio ftdd would be fomed). Neither hydrobroxmo 
mr hidWbdie adids can be oolteeted ov«p m«teuiy, <» which they act, but they 
may Ite dh®o% collected in a digr v^wel by 'leadteg &© gas-oonduoting tube to the 
bolhmt of tim vcitel, bofli gases h@hig muoh heavJw then air. Mens and Holtmaami 
(ISdO) pro|K)sc to prepare IIBr directly from bromine and hydrogen. For this pm^te 
pure dry hydrogen is )[>asicd through a flask containing boiling bromin©. Th© miadur© 
Ctf gas and v»i.|Kmr then paMiee through a tub© provided with on© cr two bulbs, which 
is heakKl moderately in tlM> middle. Hydrobromio acid is formed witli a series of flashes 
at the imrt liented. Tho rciultwat LOBr, tegetlmr witli traces of bromine, passes into a 
Wotdfe’s bottle Into which hydrogoa is also introduced, tmd the mixture is then carried 
,lhfOttf h anoBier heated tube, after wliich it is jmiMcd tluough watiw which dissolves the 
hydrcibromlo add. According to the method propowKl by Newth (lB9‘i) a mixture of 
bromine wid hydrts^cn is li^ tlirougU a tul>e containing a platinum spiral, which Is 
j heated to retlneas after Uie air lias been displaced from tli© tube. If th© vessel 
Wnlng th® bromine be kept at 00®, the liydrogen takes up almost the theoretical amount 
fCd Inromlne rcqulrt^l for the foraaaticu of HBr. Although tec flam© wlddi appC’Orste th© 
.ndghkmrliood of flh© platinum ipind 'does not pwietrate.into th© vessel oontaiaing the 
IntWEiiiim, aUll, for safety, a tube fllh»d wiMi cotton wool may b© interpowd, 

ByiWodlo add is obteined in the earn© m«an«r as hydrobromio. iodine is heated 
a amall fiiik, and iti vapour ii carried over by hydrogen into a strongly heated tub©, 
^1^ pw pMiag bmt th© tub© is found to oontete a conslderabl©. amount of Bl, togeteer 
irilh hm k&m At a low rod heat about 17 of th© lodin© vapour entem 
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eai^.decoiuposability of hydrobromic acid, and especially of bydriodio 
acid, clearly distinguish these acids from hydrochloric acid. For this 
reason, hydriodic acid acts in a number of cases as a deoxidiser -or 
feducer, and frequently even serves as a means for the transference of 
hydrogen. Thus Berthelot, Baeyer, Wreden, and others, by heating 
unsaturated.hydrocarbons in a solution of hydriodic acid, obtained their 
compounds with hydrogen nearer to the limit C,iH2n+2 or even the 
saturated compounds. For example, benzene, C(jHe, when heated in a 
closed tube with a strong solution of hydriodic acid, gives hexylene,. 
CeHis* The easy decomposability of hydriodic acid accounts for the 
fact that' iodine does not act by metalepsis on hydrocarbons, for the 
hydrogen iodide liberated with the product of metalepsis, RI, formed, 
gives iodine and the hydrogen compound, RH, back again. And there- 
fore, to obtain the products of iodine substitution, either iodic acid, HIO3 
(K.ekul 4 ), or mercury oxide, HgO (Weselsky), is added, as they imme- 
diately react on the hydrogen iodide, thus : HIO3 + 5 HI = 3H2O + 3I2, 
or, HgO 4" 2 H 1 ==,Hgl2 -t--H20. From these considerations it will 
be readily understood that, iodine acts, like chlorine (or bromine) 
on ammonia and sodium- hydroxide, for in these cases the hydriodic 
acid produced forms NH4I and Kal. With tinctui'e of iodine 
or even the solid element, a solution of ammonia immediately forms 
a highly-explosive solid black product of metalepsis, NHI2, generally 
known as iodide of nitro^en^ although it still contains hydrogen 
(this was proved beyond doubt' by Szuhay 1893 ), which may be 
replaced by silver (with the formation of ]SfAgl2) : 3NH3 + 2I2 
SS2HH4I +NHI2. However, the composition of' the last product is 
variable, and with an excess of water NTIs seems to-be formed. Iodide 
of nitrogen is just as explosive as nitrogen chloride. the 

78 bis Iodide of nitrogen, NHI2 ia obtained as a brown pulverulent precipitate on adding 
a solution of iodine (in alcobol, for instance) to a solution of ammonia. If it be collected 
■on a filter-paper, it does not 'decompose so long as the precipitate is moist; but^ when dry 
it explodes , violently, so tliat it can only he experimented upon in small quantities. 
Usually the filter-paper is tom into bits while moist, and the pieces laid upon a brick; 
on drying an explosion pro'ceeds jnot only from friction or a blow, but even spontaneously. 
The, more dilute the solution of ammonia, the greater is the amount of iodine required 
for the formation of the precipitate of NHI2. A low temperature facilitates its formation. • 
NHI2 dissolves in ammonia water, and when heated the solution forms HIO5 and iodine. 
With KI, iodide of nitrogen gives iodine, NH3 and KHO. These reactions (Selivanoff) 
are explained by the formation of HIO feom NHI2+2H2O— NHs42HIO-— and then 
Kt-hHIOasI^+KHO. Selivanoff (see Note 29) usually observed a temporary for- 
mation of hypoiodous acid, HIO, in the reaction of ammonia upon iodine, so that 
here the formation of NHI2 is preceded by that of HIO— t.e. first l2 + H20«HI0+Hr, 
and then not orJy the HI combines with NH3, but also 2HI0 •fNH3=NBl2+2H20. 
With dilute sulphuric acid iodide of nitrogen (like NCI3) forms hypoiodous acid, but it 
Immediately passes into iodic acid, as is expressed by th^ equation 6HIO=2l2+HIOj 
+ 2P2O (first 8HIO s* HIOj.-^- 2HI, and. then HI + HIO =5* Ij>+ H3O). Moreover, Selivanoff 
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action of iodine on sodium hydroxide no bleaching compound w tonneS 
(whilst bromine gives one), but a direct reaction is always accomplished 
with the formation of an iodate, GhTaHO + 3 l 2 = 5 ]SraI + 3H2O+ NaI03 
(Gay-Lussac). Solutions of other alkalis, and even a mixture of water 
and oxide of mercuiy, act in the manner This direct formation 
of iodic acid, HIO3 = I02(0H), shows the propensity of iodine to give 
compounds of the type IX5. Indeed, this capacity of iodine to form 
compounds of a high type emphasises itself in many ways. But it is 
most important to turn attention to the fact that iodic acid is easily 
and directly formed by the action of oxidising substances On iodine. 
Thus, for instance, strong nitric acid .directly converts iodine into 
iodic acid, whilst it has no oxidising action on chlorine.^^ This 
shows a greater affinity in iodine for oxygen than in chlorine, and this 
conclusion is confirmed by the fact that iodine displaces chlorine from 

found that iodide of nitrogen, NHI^ diesolvee in an excess of ammonia water, and that 
with potassium iodide the solution gives the reaction for hypoiodous acid (the evolution* 
of iodine in an alkaline solution). This shows- that HIO participates in the formation 
and decomposition of and therefore the condition of the iodine (its metaleptio 

position) in them is onalogons, and differs from the condition of the halogens in the 
haloid-anhydrides (for instance, NO2CI). The latter are tolerably stable, while (the 
haloid being designated by X) NHX2, NX3, XOH, EXO (aec Chapter XTEL Note 48), &o., 
are unstable, easily* deoompased with the evolution of heat, and, under the action of 
water, the haloid is easily replaced by hydrogen (S^vanoff), as wonld be expected in 
true products of metalepsis. 

Hypoiodons add, HCO, is not known, bnt organic compounds, BIO, of this type 
ere known. To illustrate the peculiarities of their properties we will mention one 
of these compounds, namely, iodbsohenzol, CoH^IO'. This eubstanoe was obtained 
by Willgerodt (1892), and also by V. Meyer, Wachter, and Askenasy, by ^e action* 
of canstio alkalis upon phenoTdiiodochloride, C6H5ICI2 (according to the equation, 
CgHsICla + 2MOH = CgH^IO + 2MC1 4- H2O). lodosobenzol is an amorphons yellow sub- 
stance, whose melting ^^bint could cot be determined because it explodes at 210®, 
.decomposing with the evolution of iodine vapour. This suhstanOe dissolves in hot water 
and alcohol, but is not soluble in the majority of other neutral organic solventSi H 
adds do not oxidise OgH^IO, they ^ve saline compounds in which iodosobenzol appeaxa 
as a basic oxide of a diatomic metal, CqHjT. Thus, for instance, when an acetic add- 
solution of iodosobenzol is treated ydth a solution of nitric add, it gives large monoclinia 
crystals of a nitric acid salt having the composition (like Ca^NOj);^^ 

In appearing as the analogue of basic oxides, iodosobenzol displacfeslo^e from poiassinm'^ 
iodide ^ a solution addulated with aoetm or hydrochloric add) — i.e. it acts with its 
oxygen like HCIO. The action of peroxide of hydrogen, chromic acid, and other similar; 
ewddising agents gives iodoxybenzol, 062(5102, which is a neutral substance — incapabl©- 
of giving salts with adds (compare Chapter XTTT . Note 48). 

TO Wa oxidation of iodine by strong nitric add was discovered by Connell ; Millon 
bowed that it is effected, although more slowly, by the action of the hydrates of nilria 
odd Tq> to HN03,H20, but that the solution ]BCN’05,2H20, and weaker solutions, do not 
oxidise, but simply dissolve, iodine. The participation of water in reactions is seen in 
this instance. It is also seeuj for example, in the fact that dry ammonia, combines 
directly with iodine — for instance, at 0® forming the compound l2,4NHs— whilst iodide of 
nitrogesn is only fonned in presence of water. 
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Its oxygoB. acids, and that in ‘tho presence of water cHorine oxidises 
■iodino*”^ Even ozone or a silent discharge passed through a mixture o! 
oxygen and iocHno vapour is ahle to directly oxidise iodine iocMo 

acid. It i« diHongaged from solutions as a hydrate, IllOg, which loses 
water at 170% and gives an anhydride, laO^. Botli these aubstaiwes 
Are crystalline (sp. gr. 5*007, HIO^ 4*801) at O''), coloiirlegg and 
soluble in water; both decompose at a rod heat into iodine and oxygon, 
are in many oases powerfully oxidising—for instance, they oxidiHC!! sul* 
phuroui anhydride, hydrogen sulphide, carbonic oxide, 4sc,“-»fonn 
chloride of iodine and water with hydroohlorio add, and with bases 
form salts, not only normal MIO3, but also add | for example 
KIOgHIOa, KI 032 III 03 .®® With hydriodio acid iodic add imme- 
diately reacts, disengaging iodine, lllOg -f 5111 SH-jO -f Slg. 

Broinino aliO tlittplaecA clulorina—fof inatanod, from dilonc acid, diriu-tly furnxijig 
broniio a<dd. If a ludution c»f potaHniunii ohlomto takou (75 partii imr 400 partn of 
water), and iodino bo atldotl to it (HO partw), and thou a funall <iuantity t>f nitrio aoid, 
chlorino in di»tsngagod on Imiling, and jiotatiBimn Imlato ii fonn<Ml in tho solution. In 
Udi initanoo tho nitrio aoid ftrut evolves a certain |mrtion of the chlorio aoid, and the 
Utter, with the iodine, evolves ehlorine. The iodio acid thus formed aek on a further 
^uanUty ol the |H>tasiium ehlomte, sets a portion ol the ehlorlo acid free, Mid In UiU 
mautttr the aeUon i# kept up. rotlUtsin (IBB?) remarked, however, ttiat not only do 
bromine and itidine displaoo the chlorino from chlorio acid and imtaiidum ohlorato, but 
also chlorine displaces bromine from sodium bromaU,and, furthonnore, tho reaction doe® 
not prtu'eed as a direct substitution of the halogens, but is aoconipanied by the fonnatioa 
offrceatdds; for example, 5 NaC 103 I BBr., | BlI-jO 5NaBr f ^llClO^f Hlh'0<i. 

#* If iodine hostirrtulup in water, and chlorine pideuul through the mlxtur**, the iodino 
ii dissedvod ; idit liciuld InicomoB ealourltms, and contains, iwH'ordIng; to the relative 
Amounts ol water wad chlorine, eiUmr IIICI. 4 , or IClg, or lUt^s, If there be a small amount 
of wal«p, thin tho bdio aoid may sepamk owt directly as crysbUs, but a ctnnplete coa- 
mvdm (Bomomattn) only ooonrs whoa not low than t§n parti of water arc taken to 
ottt part of tedin^IOl+aiItO + Wb-IHOs+SHCl. 

«* SchUnoboin and Oglw provinl this. Ogior foaad' that at own# immtdlfttoly 
oxidises imlino vapour, forming first of all tho oxide I-jOg, which is d«compc»td fey water 
or on heating into iodic anhydride and iodine. Iodic acid is formed at th#i pdi 

whim a solution of hydriwUo acid i« decomposed by a galvauio oumint (ffiehi). II It 
also formed in tho coinbuiitiun of hydrogen inixmlwith a small <|UMtlty of hydriodio aehl 
( 8 alet). 

® Klimmerer showed Uiat a solution of «p. gr. ^* 1 S 7 at 14*^, cmitaining UHlO.,Oir.jO, 
■iolldlfliHlc<mi|»letoly inthfcold, On comparing iiolutions HI j'mH,,t>wiih lllt>.^ t wlbjO, 
W® find that thii Bpocifio p’avity incrotmeH but the vcduine dfH’ri-sMoM, whs Ini in iho 
pais 4 ag« of Bcdutlimi HCl ji- ?aH/) to liClO.^-} wII-iO Ixsth the gmvity n»d thi 

volumi increase, which is also observed in certain other canes (for example, Hjl'Oi and 
1%B04). 

fs m Ditte { W 0 C) obfcalniMl many imlatos of great variety. A neutral hiiH, I|0, 

ii obtained by saturating a solution of lithia with iodio acid. Tlmr» It an aimk^iiui 
ammonlttm salt, tl(Nll 4 K>,dlbAb He also obtained hydmtii of a more compki eom- 
poiltion, itteh m flCNIl^lOsllbjO and OCNH^IOgl'iH^O, Balts of tho alkalini tarllit, 
BA(IOa)iHi |0 wild 8 r(IO^) 3 lIaO, may b« obtaineil by a wiaction of dtiubl© dtic«wil»tltl« 
normal wdls of tlm type g(MeI<>ji)H.p. When evafKiratwl at 70® te iO® with 
nlirto arid IhiW mlti tom water, A mixture of solutions of nitrate of tlno ami 4 a 
alkaUai Mat# p#olritat«« ZaOiOibBBUO. 4a anhydrous Mdt It throwa #ml II aii^ 
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As with chlorifit', «> with i<Alini\ i% f^rk^He mrkit IIIO,^ h immu^ 
This ftcid ii pwliiecni itii tlw form of its% m\i.% by ilm at eliltiriii# 

on ftikfilino sobtioiiN Ai»d fi-lfc* by I ho iu:iiou «»! iiMlinn mi 

chliiric It orystAlli^H^ tnnn i«4ytio»3 a liytlralti ci.iiil4iii»iiig 

2ILjO (mm'S|«wulwig with ^ foriii:-t fmlla 

teiiiirig tip Ui 5 of thin watrr tiitiiit tm mmniml tm mnuw 

^ ooriitlttitkiii. Tlion^foin? HI* ^ romutpuiuin wiili 

th« bighfst form of liiilogon omiiixumib, In «lrc«*jii|Hi«iiig 

rnlil bo wM»i l«» tb*4 Aimb^«»ni» m\u «.4 Hjul r.,»|?|wf 

«iiit|H.yw!«pf llwUv|« »«4 gm-mm-m* mnn^mm |Mis* 

ami Mr^” rIfnnrMis vi Urn fksf »y4 riM, 'In, «‘*}J With i^i 

Ainif«.uh imlutijJU i4 lh«> wiH* ifl^e awbul^-yc** *4 » 4if!«r»i»l 

roeb 7,n|'|CbMN^bMb <‘wlb %m4 

Cu( lO.nI'jfNIliliOt Tbtiw Halt# l» r»tii>oW n* rs»4i$|»».oiiy4« «4 mi4 *liii 

ter fp^%f 4«4 »* r.t^ « 

4frl¥t^ imn llie ti 3 rd»H 

w HI i«iiui» iy4ai« WiitiinNti iN*4om.i *04 t^hh^m 

Ui«» Kutetteii, % iwtil 

with |4#ritMli€ will, *0*1 hiws llw 

aSttih) » iKaio# * ♦€4-*K»a # » iilfO, 

This m«|Hn»o*i i* «4ttbl6 i» wnl^r, hal 44«ii*4¥«»!s mtMlf l« » wty dlliili 

®c>hui<.in «‘f iiitrir whI If wterr fiilfate Is® *mI4*s»I m Ihl* m.4uU*m * 
which rtuitaitii Ibo c*»rr#«|w»»»hn^ «4 itilv^r. H lliln 

^ohihk ttiktr *H>*t»|'»tut*il Iw i.hi!wp»l¥««*| ifn tH4 itilfte wpI. »l * m*!! Iiiii,iriiif 

Ihn com|>o«iiiott 4|clth on Tliin «*H i« f«»«3»«wi Ih* i^wiwwlni^ 

ttw nild^ wi4 Ii4il«f Wf* nilw # ilAgl«l| ♦ ||,0. 

Thi tll¥«f ftttll ti hf WitiNwr* with llii# 11 * 11 , 

whll»l kiite &M mmmm te noliilk^*- 

i%lth ♦ lt^>w» Aiifltt\ * til If % 

Thi sirttiiw f 4 ^ fi»l pf Hip*** m4U, pmmrnU Itiwif lii * 

term if w*ler of f* m m% t 4 %h» will , ilte 

tonmiltt ii limu «ll¥i«lisil In ili** f^mn «4 »#, 11 

to the ty|»i lOK^, or I3C|, iilo Agitht**’bo-'h i* IfMffAg). Itw *4 *|l 

i*ll« of arltli *r«* by ly|» I3t| Emiftan# fwtsf* *|| 

th« *4 |:*»riw'he *1*1*1 li»teaf ly|»i»-=-ih» *4 lllfh «l Ag, Vm, l'l»i, 

tJtw U^lO^ fPhll, 4g|li,fMllblli» i^yrw-will* «4 

th® cli-iftiti ctf (K 4 , 4g|, Nt*). Tha llir««i irirt tiitwpl *4 itm iy|«f 

Ilt|, itMiwily, I0||tllih lc>|ftili|3i» mull ItgOlIJi, iM**l llw lii*l mm lyi** i»»l «li|s»roj4l# 
•ftllt, wlikih «*rirti|«iiiil wlili lli*» lyi** *4 nm**** will*, •* |*|rft/|4i«*|4o«€i*t imil# 

i^ai wlttt w^^liniplwte IM#V 

m ^ 




hydrato la wltoh II to •f-Hteiil lli»l ^Umiiw to ia»t ihit ittoWn^iifw Iwtuniwfi tl#* w*tet iif 
hydraltett aai of «i^slilll«ll« wlilth mm al if «t te tm »i Ami . I # 1 1 1 « *l< "bll i #1 

Hm water, IH^, li at»l ilit»lwpf| l»| twmmt iiiai*l l» m flt'ittef f4 rfftinili^ 

♦imi, wMlil to ii aitt*l Im aegiMnlpd •* wiil*f iif lirilf*ti**i-iw W» •li»l| 

wardi §mt tlial ihp nytteia c»f Ihe #|piii»ato »• te m4*m4*f il*# imi m 

•ahiluttoti fiflag a hl|li#»t Mtlaa In*#, wlww* H m ati*! M 

(0» Jff), Oil, md cithaf lih# ♦teiiiaalik fhi hyilmla IW>III| m ih mmtf 

of th« idls of priiitito «ei4 fte #iaiii|»l% Ites i^l« §4 l^i»* i ibs« 

are poiilbli by tt» loii ©f water, m will fe# ai*^ fatty te ip^l^ iil 
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500°) or acting as an oxidiser, periodic acid first gives iodic acid, but it 
may also be ultimately decomposed. 

Compounds formed between chlorine and iodine must be classed 
among the most interesting halogen bodies.®® These elements com- 
bine together directly with evolution of heat, and form iodim 
monochloride; ICI, or iodine tricMoride, ICls.®^ As water reacts on 
these substances, forming ‘ iodic acid and iodine, they have to be pre- 
pared from dry iodine and chlorine.®® Both substances are formed in a 
number of reactions ; for example, by the action of aqua regia on iodine, 
of chlorine on hydriodic acid, of hydrochloric acid on periodic acid, of 
iodine on potassium chlorate (with the aid of heat, &c.) Trapp obtained 
iodine monochloride, in beautiful red crystals, by passing a rapid 
current of chlorine into molten iodine. The monochloride then distils 
over. and solidifies, melting at 27° By passing chlorine over the 

With respect to hydrogen, oxygen, chlorine, and other elements, bromine occupies 
on internjediate position between chlorine and iodine, and therefore there is no partioalar 
need for considering at length the compounds of bromine This is the great ^vantage 
o! a natural grouping of the elements. 

^ They were both obtained by Oay-Lussoo and many others. Recent data respect- 
ing iodine monocbloride, ICI, entirely confirm the numerous observations of Trapp 
(1854), and even confirm bis statement as to the existence of two isomeric (liquid and 
crjrstollme) forms (Stortenbeker). With a small excess of iodine, iodine monochloride 
remains liqmd, but -in the presence of traces of iodine trichloride it easily crystallises, 
Tanatar (1898) showed that of the two modifications of ICI, one is stable, and melts at 
27° ; while the other, which easily passes into the first, and is formed in the absence of ICI5, 
melts at 14°. Sohiitzenberger amplified the data concerning the action of water on the 
chlorides (Note 88), and Christomanos gave the fullest data regarding the trichloride. 

Alter being kept for some time, the Uquid monoohloride of iodine yields red deliques- 
cent ootahedro, having the composition ICh* which ore therefore formed from the mono- 
chloride with the liberation of free iodine, which dissolves in the remaining quantity of the 
monoohloride* This substance, however, judging by certain observations, is impure iodine 
trichloride. If 1 part of iodine be stirred up in 20 parts of water, and chlorine be passed 
through the liquid, then all the iodine is dissolved, and a colourless liquid is ultimately 
obtained which contains a certain proportion .of chlorine, because this compound gives a 
metollio chloride and iodate with alkalis without evolving any free iodine : ICl;j + 6KHO 
e5lCCl + KI0g + 8H20 The existence -of a pentachloride ICI5 is, however, denied, 
because this substance has not been obtained in a free state. 

Stortenbeker (1888) investigated the equilibrium of the system containing the mole- 
cules I3, ICI, ICI5, and CI2, in the same way tbat Roozeboom (Chapter X. Note 88) examined 
;the equilibrium of the molecules HCl, HC1,2H20, and H2O. He found that iodine 
monoohloride appears in two states, one (the ordinary) is stable and melts at 27°‘2, whilst 
the other is obtained by rapid cooling, and melts at 18°'9, and easily passes into the 
first form. Iodine trichloride melts at 101° only in a closed tube under a pressure of 16 
atmospheres. 

By the action of water on iodine monoohloride and trichloride a compound IHCI2 
Is obtained, which does not seem to be altered by water. Besides this compound, iodine 
lOnd Lodio acid are always formed, IOICI+8H2O =HI05+ 6IHCI3+ 2I2; and in this respect 
iodine trichloride may be regarded as a mixture, ICl + ICl5=s2lCls, but ICI5 + 8H.2O 
jesIHOg + SHCl; hence iodic acid, iodine, the compound IHCI2, and hydrochloric acid 
are also formed by the action of water. 


*10 
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oi7itikli of th© iR0O0clil(>ritl«>, it in m%y to obtulii imilii© irleliloritlo Ib 
otmgG erysUK which i«©lt at 34* arul %*oklilito at I7"\ but in to doing 
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bo«ni§i in ihii a ooinblnaiion of ilttukr iiilwtiiiiciis 

hm t&kiii plwt M in iJbo formatioii of mhUmiB m ttlloyt, Tlmi, im 
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CHAPTER XII 


SODIUM 

The neutral salt, sodium sulphate, Na2S04, obtained when a mixture of 
stilphuric acid and common salt is strongly heated (Chapter X.),^ forms 
a colourless saline mass consisting of fine crystals, soluble in water. It 
is the product of many other double decompositions, sometimes carried 
put on a large scale ; for example, when ammonium sulphate is 
heated with common salt, in which case the sal-ammoniac is volatilised, 
&c. A similar decomposition also takes place when, for instance, a 
mixture of lead sulphate and common salt is heated ; this mixture 
easily fuses, and if the temperature be further raised heavy vapours of 
lead chloride appear. When the disengagement of these vapours ceases, 
the remaining mass, on being treated with water, yields a solution of 
sodium sulphate mixed with a solution of undecomposed common salt. 
A considerable quantity, however, of the lead sulphato remains un- 
changed during this reaction, PbS04 + 2 NaCl =PbOl2 + ^^2^04, the 
vapours will contain lead chloride, and the residue will contain the mix- 
ture of the three remaining salts. The cause and nature of the reaction 
are just the same as were pointed out when considering the action of 
sulphuric acid upon NaCl. Here too it may he shown that the double 
decomposition is determined by the removal o£PbCl2 from the sphere of 
the action of the remaining substances. This is seen from the fact that 
sodium sulphate, on being dissolved in water and mixed with a solution 
of any lead salt (and even with a solution of lead chloride, although 
this latter is but sparingly soluble in water), immediately gives a white 
precipitate of lead sulphate. In this case the lead takes up the 
elements of sulphuric acid from the sodium sulphate in the solutions. 

^ WMlst deBonbing in some detail the properties of sodiuin chloride, Iiy^odhloiic acid, 

. and sodium sulphate, I wish to impart, by separate examples, an idea of the properties 
of saline substances, but the dimensions of this work and its purpose and aim do not 
permit of entering into particulars concerning every salt, acid, or other substance. The 
fundamental object of this work— an account of idio characteristics of the dements 
and an acquaintance with the forces acting' between atoms— has nothing to gain from 
the multiplication of the number of as yet migeneroKsed properties and relations. 
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from others already prepared are so general, that in describing a given 
salt there is no necessity to enumerate the cases hitherto observed of 
its bciing formed tlirough various double decompositions.^ The possi- 
bility of ibis occurrence ought to bo foreseen according to Berthol let’s 
doctrine from the properties of the salt in question. On this account 
it is important to know the properties of salts ; all the more so because 
up to tlia present time those very properties (solubility, formation of 
crystallo-hydrates, volatility, dbc.) which may bo made use of for sepa- 
rating them from other salts have not been generalised.'® These pro- 
perties as yet remain subjects for investigation, and are rarely to 
be foreseen. The cryatallo-hydrate of the normal sodium sulphate, 
Na^SO^JOngO, very easily parts with water, and may be obtained 
in an anhydrous state if it bo carefully heated until the weight re- 
mains constant ; b\it if heated further, it partly loses the elements of 
sulphuric, anhydride. The normal salt fuses at (rod heat), and 
volatilises fo a slight (extent when very strongly heated, in which case it 
naturally dcjcomposes with the evolution of 8 O 3 . At 0® 100 parts of 
water dissolve 5 parts of the anhydrous salt, at 10® 9 parts, at 20® 19*4, 
at SO® 40, and at 34® 55 parts, the same being the case in the presence of 
an excess of crystals of Nag 8 O 4 , 10 IT 9 O.'* At 34® the latter fuses, and the 
solubility decreaaos at higher temperatures.® A concentrated solution 
at H4® han a composition nearly approacnmg to Na.gS 04 4- HHgO, 

® Th« wiltn may ht\ ttbtaiued not m\ly by matbodn of Bubatitution of various kinds, but 
also by matiy othor oombiaatioas. Thus sodium Bulpbatu may bo fonuod from sodium 
osidii and sulrlmHo anhytbfid©, by oxidising sodium sulpUido, NogS, or sodium sulphite, 
NogSOi, 4a. Whoa sodium ohloride is hmmdi ia a mixture of the vapours of water, air, 
and solphureui anhydride, sodimn sulphate is formed. Aeoording to this method (patented 
by Hargreavoi and Eobiujion), godimn sulphate, NagS04, is obtained fromNaOl without the 
preliminary rmmufaoture of H9SO4. Lumps of NaOl pressed into bricks ere loosely packed 
into a cylinder and Hubjeoted, at a red heat, to the action of steam, air and SOg. Under 
the 10 conditions, HCl, sulphate, and a certain amount of unaltered NaOl ore obtained. 
This mixture is ct)nv<»rfcod into soda by Gossago'a process (sae Note 16) and may have 
tome prtuaical value. 

^ Many obser vations have b<M)n made, but little general information has been obtained 
from pariiculfu: Cftiou, In addition to which, the properties of a given salt are changed 
by tho pnwenco of other salts. This takes xdaoe not only in virtue of mutual decomposi- 
tion or formation of dcmblo salts capablo of separate existeneo, but is determined by the 
hiiluenoo which some salts exert on others, or by forces similar to those which act during 
iolution. Hero nothing hati been generalised to that extent which would reader it 
poiftibl© to predict wltlmut previous investigation, if there bo no close analogy to help 
u». Let us state ones of thoic numerous cases i 100 parti of water at 20® dissolve 
$4 parti of |)otfti«ium nitrate but on the addition of sodium atote the solubility of 
iwtaiiiiuin nttmte inorewwi to 48 parts in 10 of water (CSamolley and Thomson). In 
gfmeral, in all cmioi of which there are accurate observationg it appears that the 
pjttitnoi of foreign ftsdti cluiugan tho propertiea of any given salt. 

Th© information oonooming iialul>llity (Chapter I.) is given according to the deter- 
mtoatimii ©f Gay-Lus»ae, Lovell, and Mulder. 

^ In Chapter L, Note 24, we have already seen that with many other sulphates the 
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and tha claeftlijdnitfd mU coiiUiiri 7^ 'J *4 iIhi *iti!i)iirM|.i , ,-4 j|||, 

IniHHl with 100 |iiiHh of wi%ier. E*r<>si» «!i«' li i* sr. n i|i 4 | 

fiiilt i'lililiot willioul * |*l*p huli.ili’ tif 

C*ill«»nrii% Clj^^llgO (i1|4lpt4:?r XL, Kolo U)|. Nh4 ujOj thp fy.nl i|rr4» 
lijtiriitixl «ilt| Iwt aha iliii eoiifoiilriitrd iM^liitiuii nt 31 ’ ,il| at 
but griMlualii), ykkk ili« iiifmohydmt^^d wdt, K » J 1 ■*. 'Ilip lir|4 ,i» 
hyclraticl salt, Na|BO|Jll/h »|4ii4 up, rvrii ai luw t*’iii|.rr4hir«-t, 

with til® f&riimtbli of this nunu^hyltAlnl -als, avA ihrrr-fMr*-^ fr^tii ,'|fr» 
thii liCiluhilitj can \m givi^i tntly f*»r ih«^ 1^4 ltN> imri'* »»f 

tliii ia iti follows ; lit ly’' at 30" LV", at •‘"♦O'’ i.l «t |oii ‘ '|3'5 

piirtw of the iinhyilroufi Mit. If tli«^ tl*H-aliy*lrai«.t aali h« ansi 

the Molution ftllowccl to rcM>l in ifio of llin inonidsytliai.r.il 

salt, then at 30** 60*4 |*tirl« of aiihyiln-ms aalt r«’fainr«| in i||r<( indir. 
Iloti, ami at 30'* 63*8 |mrti. liciutt*, wiih r«?a|m”i t« ili«i anhyilruiia ftml 
ittanohydfated ialti» th# aolatiilily k hlontii-ah and f^ll^ wiili inrrmt. 
j»g taffipemturi, whibi with toilwrahydriitttd i|ii» s«Iiihtlity 

ri8®s witli incr©Miti| Icitipmlum B«i that il in witfi a iwiliiiiijii 

ioltilMitty ulaij ^ftPT i-Ksi'iiii#* C«f |«iiiti. 
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ii aiOil Init4‘aey Vts } h© i|l«l r#t, r«i«i#»iK lll® *k»ir« 
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M'lfSOi Itt iOa ol im II piir walarl i-** »’*, «*s4 f iir* 11,0 

•okliillly ifrift fiillf, ttiy tai^WlIf, ihatal im*' il» r«»ti i*i«* 11 1 :..*! 
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Tlifi rxaiitpb of iia||4»l® l« l«.f IN« f4 »,4i|. 
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■S01 «*o. ®iiftfw% ^ »liliiiii, w tel» *»;i mA **Wf* 
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of sodium sulphate there are only crystals of that heptahydrated salt 
(Chapter I., Note 54), Na2S04,7H20, which is formed from saturated 
solutions, then saturation sets in when the solution has the follow- 
ing composition per 100 parte of salt : at 0® 19-6, at 10® 30*5, at 20^ 
44*7, and at 25® 52*9 parte of anhydrous salt. Above 27® the 
heptahydrated salt, like the decahyd rated salt at 34®, splits up 
into the monohyd rated salt and a saturated solution. Thus sodium 
sulphate has three curves of solubility : one for]SraaS04,7Il20 (froraO^ 
to 26 ®), one for Na2SO4,10H2O (from 0® to 34®), and one for 
3SraaS04,H^0 (a descending curve beginning at 26®), because there are 
three of these crystallo-hydratos, and the solubility of a substance 
only depends upon the t)articular condition of that portion of 'it which 
has aoparatod from the solution or is present in excess.® 

Thus solutions of sodium sulphate may give crystallo-hydratos of 
throe kinds on cooling the saturated solution : the unstable hepta- 
liydrat(Hl salt is obtained at tomporaturos below 26®, the docahydrated 
salt forms under ordinary conditions at temperatures below 34®, and 
the monohydrated salt at temperatures above 34®. Both the latter 
crystallo-hyd rates present a stable state of equilibrium, and the hapta- 
hydrated salt decomposes into them, probably according to the equa- 
tion 3Na,S04,7Ha0 == 2Na^SO4,10H3O 4- Na2S04,H20. The ordinary 
docahydrated salt is called Glauher*$ salt All forms of these crystallo- 
hydrates lose their water entirely, and give the anhydrous salt when 
dried ovc^r sulphuric acid.'* 

Sodium sulphate, NaaB04, only enters into, a few reactions of com- 
bination with other salts, and chiefly with salts of the same acid, 
forming double sulphates. Thus, for example, if a solution of sodium 

8 From thill oxamplo it is ovidont tho solution remains unidtorod until from the 
contact of a it bocomoi either saturated or Huportiaturatofl, erystolliiation being 
doiorminotl by tho attraction to a solid, as tho phonomonon of suporsaturation clearly. 
d«inouHtrai<ni. This partially explains certain apparently contradictory determinations 
of snUihiUty. The best investigated cxamxdo of such complex relations k cited in 
Chapter XIV., Note 00 (for CaCl-j. 

8 According to Pickering’s experiments (IHHO), tho molecular weight in grams (that 
|m, 14*i grams) of anhydrous sodium sulphate, on btung iUssttlved in a lurgt^ mtuiHof water, 
at 0® ataiorbfi (heuco the — sign) — 1,100 heat units, at 10“ - TOO, at 15“ — 275, at 20® 
fivci out +25, at 25® 4 800 calorics. For the dccahyilrated salt, NaaH 04 ,t()n 20 , 
8® -“4,225, 10®- 4,000, 15® - 8,570, 2U®-8,100, 25®~* 2,775. Hence (just as in Chapter 1., 
Koto 50) the heat of tho combination Na4^O44il0H3O at 5® +8,125, 10®** + 8,250, 
SO® « +8,200, and 25®*- +8,050. 

It ii evident that tho docahydrated »alt dkiolviwg in water gives a dccreaic of tempera- 
ture. Solutlojw in hydrochloric acid give a «tiU greater decrease, bicauiie they contain 

water of crytitelUsatiou in a eoUd atate— that is, like ice— and this on melting absorb* 
hmi A mixture of 15 parts of NaaBO 4 , 10 H 3 O and 12 parts of 'strong hydrochloric acid' 
produofs •uflidmt cold to freexe water. During tho Ueatment with hydrochloric acid 
4 Of rtak quantity ol lodium chloride is formed. 
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Sttli)hate thus form^, a very sparingly-sofuWo salt, is obtained as 
a prooipitato, whilst the sodium hydroxide, or salt, NaX, is obtained in 
solution, beoauro all $alt$ of $odmm are Boluhh, Berthollet's doctrine 
permits all such cases to bo foreseen 

Tlio reactions of demnf>^m$ition of sodium sulphate are above all 
noticeable by the separation of oxygon. Sodium sulphate by itself is 
very stable, and it is only at a temperature sufficient to melt iron that it 
ispcwible to separate the elementiSOjfrom it, and then only partially. 
However, the oxygen may be separated from sodium sulphate, as from* 
all ottier sulphates, by means of many substances which are able to 
eombino with oxygen, such as charcoal and sulphur, but hydrogen is 
not able to produce this action. If sodium sulphate bo heated with 
charcoal, then carbonic oxide axid anhydride are evolved, and there is 
produced, according to the circumstances, either the lower oxygon 
compound, sodium sulphite, NuaSOg (for instance, in the formation 
of glass) ; or else the docompositioii proceeds further, and sodium 
iuljdiide, Na,jB, is formed, according to the equation Na^SO^ q- 20 
» 200a + NaaS. 

On the basis of this reaction the greater part of the sulphate of 
Sodium prepared at chemical works is converted into soda aaf4~that is, 
mlium carbonaU, NaaOOg, which is used for many purposes. In th^ 
form of carbonates, the motfdlio oxides behave in many coses just os 
they do in the state of oxides or hydroxides, owing to the fooblo acid 
prt)|)ertic« of carbonic acid. However, the majority of tho salts of 
wbonio acid are Insoluble, whilst sodium carbonate* is one of the few 
solttWe of this acid, and ttierefor© reacts with facility. Honco 
sodium carbonate is employed for many purposes, In which its alkaline 
properties come into play. Thus, oven under the action of feeble 
organic acids it immediately parts with its carbonic acid, and gives 
a sodium salt of tho acid taken. Its solutions exhibit an alkaline’ 
nmetion on litmus. It aids tho passage of certain organic substances 
(tar, acids) into solution, and is therefore used, like caustic alkalis and 
ioap (which latter also acts by virtue of tho alkali it contains), for 
the removal of certain organic substances, especially in bleaching 
cotton and similar fabrics. Besides which a considerable quantity 
fo! sodium carbonate is used for tho prei)aration of aodium hydroxide 
or cauitio soda, which hm ako a very wide application. In large 
ohtmi<^l works where sodium carbonate is manufactured from Xa 2 S 04 , 
It l» usual first to manufacture sulphuric acid, and then by its aid to 
oonvirt eomiiion salt into sodium sulphate, and lastly to convert the 
iodimoft sulphate thus obtained into carbonate and caustic soda. Hence 
Ih^ works prepare both alkaline substances (soda ash and caustic 
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.furthest removed from the fire-grate ; it ia then brought to the portion 
nearest to the fire-grate, when it is stirred during heating. The 



ft®. S8,-»R®v®rb«itonr furnao® for the manufacture of eodliun oarbonaio. F, grate. A. bridge. 
M, hearth for the uftlmate oalolnatlou of the mixture of eodlum eulplmte, cow, and calcium cais 
bonat®, wulch le ohorgctl from above Into the port of the fumaoo furthest romovotl from th© Are F. 
P, P, doors for stirring and bringing the mass towards the grate 1^ by masns of stlnrera II. At the 
end of the oporatlou tno eomifui^ maee is charged Into trucks 0. 


partially fused mass obtained at the end of the process is cooled, and 
then subjected to methodical lixiviation to extract the sodium car- 

MHhodicaX lixiviation is th© extraotion, by means of water, of a soluble subetanoe 
horn the mass oontaining it. It is carried on so as noit to obtain wei^ aqueous solutione, 
end in euoh a way that the residue ehaJUi not contain any of the soluble substanoe. Ibis 
problem is praotloally of great importance ha many industries. It is required to extract 
from the mass all that is soluble in water. This is easily effected 11 water be first poured 
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The abo^a-mentloBec! proccs® for joaking soda was discovered in the 
year 1808 by Froncli doctor Leblanc, and is known as the Leblano 
p!'(K‘«s8. Tint) particulars of the discovery aix) somewhat rexnarkablo. 
Sodium carboioite, liaving a considerable application in industiy, was 
for a long tinio pre|>arod exclusively fixun the ash of marine plants 
(Ohapter XL, page 497). Even up to the present time this process is 
carried on in Normandy. In France, where for a long time the mauu- 
faeture of largo tjuantlties of semp (so-calM Marseilles soap) and various 
fabrics rt^qulrcd a large amount of soda, the quantity prepared at the 
watt wm iniuffloient to meet the demand. For tl^ reason during 
wart at the beginning of the century, when the import of foreign 
goods into Franco was interdicted, the want of sodium carbonate was felt. 
The French Academy oflbrod a prize for the discov€^ry of a profitable 
method of prt'paring it from common salt. Leblano then proposed the 
above-meutioiHul prei'csa, which is remarkable for its gimt simplicity^® 


ioluiiau at iiuiguuHiuni «hU>rid<j obinlaiHl in ttgtuu uiiad, frnd the washed oaloimu lulphltc 
li broiight InUi al m low temiamture with hydroohtotio add (a weak aqueous 

idlutloti} md liydrt^en ftulphido, iht whole of i^e then eepucat^} 

OuSOa 4-SHa84‘«ICl«CftCl|, + SKfiO + ta 

Bta tnmt, tiSfortn havy h#ini cliiPtHjMI kiwurdu avoiding ih© formation of sodftt 
wait!’. 

w AnumK thy drawlwkM at th« Ijyhlaua proooiiB aro tho aecumuUtlon of 'soda 
WMtii‘ (Niitf H) «*wing to thu iiti|u>ai*ibiUty at th« aoniimvaUvoly low prlo© of Bulphor 
in tho hirni of pyriUju) of finding omph»y»»int for tho sulphur and ftulphur 
oottiimuH'lM for whbh Ihk watt© ii iomotitnos tri^ai^d, and aim thu inBufUoiant purity 
of tto ioilttiii earhanati for tnimy ptiposii. afivwat^ti of tlio leblano proooi^ 
iti ^mplieity a4»d ohoapntw^ tm al:«ioit the wh<do of the aoidi obtained 
m hyi«jTOdttC'l» hav« a oommtreW viluej Iw oMorlno wad hleaeJdng powdtr 
IWKhifed tmxn tht largo amount of hydroohlorla add whloh apptwrB at a byo»pfoduot ; 
oauitki ioda alao i« vary tiaaily mado, and the dcimand for it Ineroatt® tvtry yoiur. 
In tliiOMi plitctoi whoro oalt, pyritc^a, cdiarooal, and lhno«tono (the mafccdidi rtqufwd 
for alkali woiIim) aro fourul iiitltii by Bido— as. ftjr ioNtanoo, in th® Ural or 0on 
dlidrirta -roialitiitnii aro favciumblo to tha dovolopinont of tha manufaoture of sodium 
oiirlK.uido <in aii mnrmcjui wabij and whoro, m in tho Cauonsui, sodium snlplmto 
mHiwn aatursUiy, tha ae>ndition« ar«» etlll moro favourablo. A largo amount, howovor> 
of thfi Iftltor Bttlt, ovon ffftm iwla workii, ia usad in making glais. TliiO moat important 
iOfltt workp, an rogardi tlio quantity of pr<Hluata obtainod from tham, are the? Engliah 
work«. 

As an axauipli:* at the otbar numarotm and vari««l nmthods of maimfocituring soda 
from iiiMlitiiin cidorklp, th« following may Im mentjoinid ; StaHum ehloride li deeom* 
byiiiltlo of load, llif ), fomdttglomlohloridt and sodium oxido, whieh, with earbonio 
anhyilflde, yluldi aoditiin rarltonatn (Bolioolo’i pro€»ta). In Oo-ron't msthod iodium 
ohhiriilft is tr#mti«l with limn, and thon expound to the air, when It yI§Mt a. -imtfl' 
qiiMtily cif wdinin tmrboimli.% In K. Kopp*a procots ioelfttm iwlphat© {1S6 parti) ft 
wlA ©ildii of Iren («fl imfU) and chafotnd (SS parti), and fchii mixture ts hiated to Wftrbt- 
mUmf Mwm k oomiMiund, Hii^Fe 4 B|, It formtd, which li fntoluble In water* 

afefi'irbi oxyfta «iil eaitemte wihydiddo, wul thou ferrai wdlum ewrbwiate wad ftew# 
wlphldo I llili wh«.ii fifti •ulplmrous uiAyMdi, 
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Sodium carbonate* !iko iKKUum aulphato, lo«c» uJOl its water on 
being hoatod, and when anhydrous fuses at a bright- red heat (1098®). 
A small <|i}antit.y of sodium carl^onate phwod in the loop o£ a platinum 
wire volatiliHoa in tho hc^at of a gas llamo, and therefore in the furnaces 
of gliias works part of tho soda is always transformod into tho Oondition 
of vapour. Sodium carlwmte roaomblos sodium sulphate in its relation 
to water. Hero also the greatest solubility is at the teinperaturo of 
37® , both salti, on crystallising at the ordinary t6mj>6raturo, combine 
with ten molooulw of water, and such crystals of soda, like crystals of 
Glauber's salt, fuse at 34® Sodium carbonate aJio forms a super- 
naturated solution, and, according to the conditions, givm various com- 
binations with water of crystallisation (mentioned on page 108), &c. 

At a rod heat superheated steam liberates carbonic anhydride from 
sodium carbonate and forms caustic soda, Na^CO^ 4- II.^O = 2NaHO 
■f COrj. Here the carbonic anhydride is replacwi by water j this depend® 
on tiui ftnOdy acid character of carbonic anhydride. By direct heating, 
scKiium carbonate is only slightly decomposed into sodium oxide and 
carbonic anhydride; thus, when sodium carbonate is fused, about 
I per cent, of carbonic anhydride is disengaged.*^ The carbonates of 
many other metals — for instance, of calcium, copper, magnesium, iron, 
-on being heated lose all thdr carbonic anhydride. Thk shows 

CKJltl wftU^r, (uid thtnv sliakc up witli stroug aolutlcn of artiraonia, j>our o0 the r^aldue, 
and hoal. Tho hupurifcioa will thon ntmoiu ia tho mothor liquor®, (fee. 

Baitio rmiuorioal data may ho givcm for oiitrlHwiato. Tho gravity of tho 

aidiydrou® iwdfe ii S’4S, that of tho tlooahydratiKl Balt l*4a Two variotios aro known of 
Ih© h#ptahydral#d iidl (LSwol, Marigaao, Bammolubi^rf), whkh aro fomod topthor by 
a iolu^oii lo oool mte a hmr ^ aloc^l ; Um in Im^ atabk (lOce 

^ ©ow^pondinf and at 0® baa a icdabiUtyi^ m parts (of anhydrous adt) in 100 

water j th® edior is more ttdd®, wd its solabiKty ^ parts (of o^ytous salt) psr IQO of 
water. Tl» solubility of tho dtoahydrated salt in 100 water •« at 0®, 7*0; at SO®, Sl'7 1 at 
W\ B7*S parti (of anhydrous salt). At SO® tho solubility is only 46*1, at 00® 40*7* at 300®, 
40*4 imxtB (of anhydrous salt). That is, it falls as tho temiHMpatnro risoi, Hko Na|S 04 . 
toa© si^ooiflo pavity (Note 7) of tlio solutions of sodium carbonate, according to th® data 
of Clorlftoh Mud Kolilrausoh, at 15 ®/ 4 ® is ojKproasod by tho forroula, a«0,OW + lO4*0p 
•i*OTfl0p*. Waak «t»Iutkms occupy a volume not only loss tlian tho sum of the volnmot 
df teui anhydroui adt fund th® Watw, but even loss than tho water emtained in tlssm. Fop 
laslajioii, 1,000 p«ns of a 1 p.o, solution occupy (at 10 ®) a volume of d90’4 c.e. (sp. p. 
I’lWOT), but contain Me gwunt of water, ooenpying at 15® a volume of 000*8 o.o. A 
dmUar ooso, wMoh it wmparatlvoly rare occurs also with sodium hydroxtdo, in thot® 
^ute solutions for which th® footer A is greater than 100 if tho gp. gr. of water at 4®* 
100, and if Ik) «p. gr. of tho solntioii b© oxprosaed by the formula dp-t-Bp®, 

frh» is th« i|>e«ldo pavfty of tho water. For 0 p.o. &© sp. p. 10®/4® "1*0080 ; for 10 
^ 1'1W7| f« 10 p,a. 1*1008. The chaaps in ih© sp. p. idlh tW tempiratur® oro 
almost ©Ii tamo oi with atduttens of sodium chlorite with an iqual vdu® of p. 

^ ®i« iptitmblancc It so groat that, notwithatondiag tho dlteroaoe in the molooulijf 
«ttpodti«ft of Na #04 and NotCO^, they ought to b© dassiid under the (NaO)jA 
mhm B»SOf m 00. Many other sodium salts also ©ontaln 10 mol, H^O, 

Aooa^tof te the dOs^atteni of Pictoing. Acoordkg to Eoio, whan sdutems 
eodittn Oflxbo»«te art bdkd a*o^nai» amount cd oarkmic anhydrite Is 4te®apgodt 
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ioltitlon of the kttor gives crystals of the acid salt if carl)onio 
anhydride bo passed through it. The acid salt may be yet more 
ooEvoniontlj ftn-rued frotu oHlorcmctKl cryst*als of sodium carbonatei 
whicdij OB iKurug considorably heattMl, very easily almorb carbonic anhy-* 
drida,^* The iickl salt orjstallisos well, but nt>t, hiAvover, in such large 
crystals m the normal salt ; it has a brackish and not an alkaline taste 
!ik© tlmt of the normal salt ; iti reaction is feebly alkaline, nearly noutnd. 
At 70^ its solution begins to Ic^e ^rbonio anhydride, and on fnaling the 
evolution b©oom« vex^ abundant. From the preceding remarks it is 
el«,r tlmt in most reaction® this salt, especially when heated, acts 
telmilarly to the normal salt, but has, naturally, some distinction from 
It. Thus, for example, if a solution of stKlimn carbonate Im added to a 
normal magnesium salt, a turbidity (precipitate') is formed of magnesium 
©arlxmate, MgOO^. No such precipitate is formed l>y the acid salt, 
l>ocause Inagn(^Hium carbonate is soluble in the prestmee of an excess of 
€arbt)nio anhydride. 

Sodium oarlxmato is used for the preparation of mmtic 
that is, the hydrate of sodium oxide, or lie alkali which oorre^nds 
to sodium. For this purpose the action of lime on a solution of 
sodium carl>onato is generally made use of. The process is a® follows t 
a wimk, gonemlly 10 per cent., solution of soflium carbonate is taken,®* 


iJifj lalUu'. Tlu» fw liability of the l>i- ox aokt Ha.lt vMim with conaldorablo cogularity, 
JCX) iMPtrin of wattir tliiiHolvoia at 16® 0 jm^tw of tli« nalt, at 80® 11 

Xhti ataiaoaiuw, tuul tmm oaixKsiftWy the oa.loium, Halt, ii luuch mow eolublo ia water. 
Xlwj Wfamoaia |iro©«is ($§& p. 6i4) k foaad®<J upoa Uua Ammonium bioarbonato (acid 
mrkmat#) at 0® has a sdabUlfey of 1® parta to 100 wat^r, at 80® of S7 partt. The iolu* 
bllifey thawfow inewa®®* very rapidly with tht tamptralor®. And its saturated sdutiou 
li mow steblo than a solatiou of bloarbonate. Jxk l®ot, saturated solutions d 

tliiio aalta bav® a gawous tenaitm like that of a mixtmr© of carbonio onhydrid© imd watei^ 
liiwntily, at IS® and at 60®, for th© »o<lium salt ISO end 760minto®k®8,for th@ arnmmif wm 
iait 130 and 608 millituotws. Xhoao date are of groat importanot in mdorttendlng Iho 
phemomona ooiuu^cOkI with Ono lumnonia proooas. Thoy indioate that with an inoraaMd 
prosimro tho formation of tho sodium salt ought to inowas© if thoro b© an excess of wnmo- 
nlum Halt. 

Crystallitio sodium osxlKmate into lumps) also absorbs oarbonio anhydride^ 

but the water contained In tho crystals is then discngag©<l: Na-jCOs.lon.jtO + GOa 
»» N%€Of, HaCOft+ OH^O, and dissolves i^art of tho oarbouato ; therefore part of tho sodium 
oarbonate pmiics into solution tegothor with all tho impurities When it is requhrod to 
avoid the formation of this solution, a mixture of igjtiitcd and cryitellino sodium carbonate 
is taken. 8<Klium bicarbonate is prepared ddotty for motlioinal use, «id is then often 
lermtd mrbomte afmdci^ also, for instance, in th© 80 *caIlod soda powdars, for preparing 
cortiln wtlflcW minenU waters, for tho manufacture of digoativo Idkonge® Mto those 
madi at BsiontukI, Vieiiy, &o. 

w In chiimlstry, indium oxide is termed * soda,' which word must bo oaroMIy dlstte* 
fuishyi f»m te® word sodium, moaning tho motal. 

^ With a Maall quimtity of water, tho reaction either doci not tak® place, or oven 
proctedt in the rtToreo way»-4hat k, sodium and potaislum hydroxidei rtmovo ciirjtoiio 
anhydride Item ceJdfum carbmate (Xdobig, Watson, Uditecharlich, and olhorf]* Xlte Htp 
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and boiled in a cast-iron, wrougbt-iron, or silver boiler (sodium hydrts«* 
ide does not act on these metals), and lime is added, little by little, 
during the boiling. This latter is soluble in water, although but very 
slightly. The clear solution becomes turbid on the addition of the lime 
because a precipitate is formed ; this precipitate consists of calcium 
carbonate, almost insoluble in water, whilst caustic soda is formed and 
remains in solution. The decomposition is effected according to the 
equation KaaCOs + Ca(HO)2 = CaCOa + SlSTaHO. On cooling the 
solution the calcium carbonate easily settles as a precipitate, and the 
clear solution or alkali above it contains the easily soluble sodium 
hydroxide formed in the reaction.^® After the necessary quantity of 
Hme has been added, the solution is allowed to stand, and is then 
decanted off and evaporated in cast or wrought iron boilers, or in silver 
pans if a perfectly pure product is required.^® The evaporation cannot 

fluence of the mass of water is evident. Acoordiog to Gerberts, however, strong 
solutions of sodium carbonate are decomposed by lime, which is very interesting if con- 
firmed by further investigation. 

^ As long as any uudeoomposed sodium carbonate remains in solution, excess 
of acid added to the solution disengages carbonic anhydride, and the solution after dilu- 
tion gives a white precipitate with a barium salt soluble in acids, showing the presence of 
a carbonate ifl solution (if there be .-sulphate present, it also forms a white precipitate, 
but this is insoluble in acids). For the decomposition of sodium carbonate, milk of lime 
—that is, slaked slime suspended in water— is employed. Formerly pure sodium hydrox- 
ide was prepared (according to Berthollet’s process) by dissolving the impui^e substance in 
alcohol (sodium carbonate and sulphate are not soluble), but now that metallio sodium has' 
become cheap and is purified by distillation, caustic soda is prepared by acting on 
a small quantity of water with sodium. Perfectly pure sodium hydroxide may also be 
obtained by allowing strong solutions to crystallise (in the cold) (Note 27). 

In fttbftli works where the Leblanc process is used, catistio soda is prepared directly from 
the alkali remaining in the mother liquors after the separation of the aodium carbonate 
by evaporation (Note 14). If excess of lime and charcoal have been used, much sodium 
hydroxide may.be obtained. After the removal as much as possible of the sodium carbon- 
ate, a red liquid (from iron oxide) is left, containing sodium hydroxide mixed with com- 
pounds of sulphur and of cyanogen (see Chapter IX.) and also containing iron, This red 
alkali is evaporated and air is blown through it, which oxidises the impurities (for thia 
purpose sometimes sodium nitrate is added, or bleaching powder, ^c.) and leaves fused 
caustic soda. The fused mass is allowed to settle in order to separate the ferruginous 
pEec^itate, and poured mto iron drums, where the sodium hydroxide solidifies. Such 
caustic so^ contains about 10 p.c. of water in excess and some saline impurities, but 
when properly rnanufactuied is almost jfree from carbonate ^d from iron. The greater 
port of Ihe caustic soda, whitb. forms so important an article of commerce, is man'of aotuted 
in this manner. 

^ Icwig gave a method of preparing sodium hydroxide from sodium carbonate by 
he ating it to a dull red heat with an excess of ferric oxide. Carbonic anhydride is given 
off, and warm water extracts the caustic soda from the remaining mass. This reaction, 
aa experiment shows, proceeds very easily, and is an example of contact action, piryiilai. 
to that of feme oxide on the decomposition of potassium chlorate. The reason 
ci. this may he that a sm a ll quantity of the sodium carbonate enters into double deoom- 
p(^tioai with the femo oxide, and the ferrio carbonate produced is decomposed into 
ea ri x wMO anhydride and ferno oxide, the action of which is renewed. Similar explana- 
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be conducted in china, glass, or similar vessels, becattae caustic soda 
attacks these materials^ although but slightly. The solution does not 
crystallise on evaporation, because the solubility of caustic soda when 
hot is very great, but crystals containing water of crystallisation may 
be obtained by cooling. If the evaporation of the alkali be conducted 
until the specific gravity reaches 1*38, and the liquid is then cooled 
to 0®, transparent crystals appear containing 2HaE[0^7H20; they 
fuse at + 6°.^^ If the evaporation be conducted so long as water is dis- 
engaged, which requires a considerable amount of heat, then, on cooling, 
the hydroxide, solidifies in a semi-transparent ciystallme mass,^® 

which eagerly absorbs moisture and xjarbonio anhydride from the air.^ 
Its specific gravity is 2*13 it is easily soluble in water, with disen- 
gagement of a considerable quantity of heat.®^ A saturated solution 
at the ordinary temperature has a specific gravity of about 1*5, contains 
about 45 per cent, of sodium hydroxide, and boils at 130° ; at 55° water 
dissolves an equal weight of it.®^ Caustic soda is not only soluble in 

tions expressing the reason for a reaction really add but little to that ^ementary con- 
ception of contact which, according to my opinion, consists in the change of motion of the 
atoms in the molecules under the influence of the substance in contact. Ih order to 
represent this clearly it is sufficient, for instance, to imagine that in the sodium carbonate 
the elements CO2 move in a circle round the elements NajjO, but at the points of contact 
with Fe205 the motion becomes elliptic with a long axis, and at some distanoe.from Na^jO 
the elements of CO2 are parted, not having the faculty of attaching themselve? to Fe205. 

^ By allowing strong solutions of sodium hydroxide to crystallise in the cold, 
impurities — such as, for instance, sodium sulphate — ^may be separated from them. The 
fused crystallo-hydrate 2NaHO,7HiiO forms a solution having a specific gravity of 1‘4054 
(Hermes). The crystals on dissolving in water produce cold, while NaHO produces 
heat. Besides which Pickering obtained hydmtes with 1, 2, 4, 6, and 7 H2O. 

In ^lid caustic soda there is generally an excess of water beyond that required by 
the formula NaHO. The caustic soda used in laboratories is generally oast in sticks, 
which are broken into pieces. It must be preserved in carefully closed vessel^ because 
it absorbs water and carbonic anhydride from the air. 

^ By the way_it changes in air it is easy to distinguish caustic soda from causMo 
potash, which in general resembles it. Both alkalis absorb water and carbonic anhydride 
fl:om the air, but caustic potash forms a deliquescent mass of potassium carbonate, whilst 
caustic soda forms a dry powder of efflorescent salt. 

50 the molecular weight of NaHO =40, the volume of its molecule =40/2*13=18*5, 
which very nearly approaches the volume of a molecule of water. The same rule applies 
to the compounds of sodium in general — ^for instance, its salts have a molecular volume 
approaching the volume of the acids from which they are derived. 

The molecular quantity of sodium hydroxide (40 grams), on being dissolved in a 
large mass (200 gram molecules) of water, develops, according to Berthelot 9,780, and 
according to Thomsen 9,940, heat-units, but at 100° about 18,000 (Berthelot). Solutions 
of NaHO+nH20, on being mixed with water, evolve heat if they contain less t h an OH^O, 
,but if more they absorb heat' 

^ The specific gravity of solutions of sodiupa hydroxide at 16°/4° is given mthejshort 
table below: — 

NaHO,p.c. - 5 10 15 20 80 40 

Sp..gr. . . . 1*057 1*118 1*189 1*224 1*881 1*488 
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and evolve a smell of ammonia, owing to the capstio soda changiiig 
the gelatinous organic substance of the bones (which contains carbon^ 
hydrogen, nitrogen, oxygen, and sulphur, like albumin), dissolving it 
and in part destroying it, whence ammonia is disengaged. Pats, tallow, 
and oils become saponified by a solution of caustic soda — that is to 
say, they form with it soaps soluble in water, or sodium salts of the 
organic acids contained in the fats.^® The most characteristic reactions 
of sodium hydroxide are determined by the fact that it saturates all 
acidsy forming salts with them^ which are almost all soluble in Water, and 
in this respect caustic soda is as characteristic amongst the bases as 
nitric acid is among the acids. It is impossible to detect sodium by 
means of the formation of precipitates of insoluble sw^dium salts, as may 
be done with other metals, many of whose salts are but slightly soluble. 
The powerful alkaline properties of caustic soda determine its capacity 
for combining with even the feeblest acids, its property of disengaging 
ammonia from ammonium salts, its faculty of forming precipitates from 
solutions of salts whose bases are insoluble in water, &c. If a solution 
of the salt of almost any metal be mixed with caustic soda, then a 
soluble sodium salt will be formed, and m insoluble hydroxide of the 
metal will be separated — for instance, copper nitrate yields copperv 
hydroxide, Cu(K 03)2 + 2KaHO Cu(HO)a + 2 NaN 03 . Even many 
basic oxides precipitated by caustic soda a/re capable of coiYibining with 
it and forming soluble compounds, and therefore caustic soda in the 
presence of salts of such metals fibrst forms a precipitate of hydroxide^ 
and then, employed in excess, dissolves this precipitate. This pheno^ 
menon occurs, for example, when caustic soda is added to the salts of 
aluminium. This shows the property of such an alkali as caustic soda 
of combining not only with acids, hut also with feeble basic oxides. For 
this reason caustic soda acts on most elements which are capable of form- 
ing acids or oxides similar to them ; thus the metal aluminium gives 
hydrogen with caustic soda in consequence of the formation of alumina, 
which combines with the caustic soda — that is, in this case, the caustic 
alkali acts on the metal just as sulphuric acid does on Fe or Zn. If 
caustic soda acts in this manner on a metalloid capable of combining 
with the hydrogen evolved (aluminium does not give a compound with 
hydrogen), then it forms such a hydrogen compound. Thus, for instance, 
phosphorus acts in this way on caustic soda, yielding hydrogen phos- 
phide. When the hydrogen compound disengaged is capable of combin- 

The bones are mixed with ashes, lime, and water ; it is true that m this case more 
lixytassimn hydroxide than sodiam hydroxide is formed, bat their action is almost 
identioal 

^ As explained in Note SS. 
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HfiCOg,* or stdphuric, H2SO4 — ^the hydrogen may be exchanged, atom 
for atom, for sodium, and yield an acid salt by means of the first 
substitution, and a normal salt by means of the second — for instance, 
l^a]E[S04, and ]Sra2S04, whilst such bivalent metals as calcium and 
barium do riot form acid salts because one of their atoms at once 
takes the place of both hydrogen atoms, forming, ior example, CaCOg 
and 

We have seen the transformation of common salt into sodium 
sulphate, of this latter into sodium carbonate, and of sodium carbonate 
into caustic soda. Lavoisier still regarded sodium hydroxide as an 
element, because he was unacquainted with its decomposition with the 
formation of metallic sodium, which separates the hydrogen from water, 
reforming caustic soda. 

The preparation of metallic sodium was one of the greatest dis- 
coveries in chemistry, not only because through it the conception of 
elements became broader and more correct, but especially because in 
sodium, chemical properties were observed which were but feebly shown 
In the other metals more familiarly known. This discovery was made 
'in 1807 by the English chemist by means of the galvanic 

current. By connecting with the positive pole (of copper or carbon) 
a piece of caustic soda (moistened in ofder to obtain electrical con- 
ductivity), and boring a hole in it filled with mercury connected with 
the negative pole of a strong Volta^s pile, Davy observed that on passing 
,the current a peculiar metal dissolved m the mercury, less volatile 
ithan mercury, and capable of decomposing water, again forming 
caustic soda. In this way (by analysis and synthesis) Davy demon- 
strated the compound nature of alkalis. On being decomposed by the 
galvanic current, caustic soda disengages hydrogen and sodium at the 

It miglit be expected, from wbat has been mentioned above, that bivalent metals 
would easily form acid salts with acids containing more than two atoms of hydrogen — ^for 
instajice, with tribasic acids, snch as phosphoric acid, H3PO4 — and actually such salts do 
exist ; but all such relations are complicated by the fact that the character of the base 
very often changes and becomes weakened with the increase of valency and the .change 
of atomic weight; the feebler bases (like' silver oxide), although corresponding with 
! univalent metals, do hot form acid salts, while the feeblest bases ’(CuO, PbO, &c,) easily 
form basic salts, and notwithstanding their valency do not form acid salts which are in 
i any degree stalie — ^that is, which are unde.composable by water. Basic and acid salts 
■ ought to be regarded rather as compounds similar to crystallo-hydrates, because such 
acids as sulphuric form with sodium not only on acid and a normal salt, as might be cx- 

r ted jfrom the valency of sodium, but also salts containing a greater quantity of acid. 

sodium sesquicarbonate we saw an example of such compounds. Taking all this into 
consideration, we must say that the property of more or less easily forming acid salts 
I depends more upon the energy of the base than upon its valency, and the best statement 
fa that ihs capacity of a hose for forming acid and basic salts is characteristic, just 
48 the fooolty of &>nning’cOmpouuds with hydrogen is characteristio of elements^ 
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from tie charcoal^® The chalk on being heated loses carbonic anhy- 
dride, leaving infusible lime, which is permeated by the sodium 
carbonate and forms a thick mass, in which the charcoal is intimately 
miffed with the sodiunt carbonate. When the charcoal is heated with 
the sodium caibonate, at a white heat, carbonic oxide and v^HDtirs of 
sodium are diseic^gaged, according to the equation ; 

-h 20 =: + SCO 

On cooling the vapours and gases disengaged, the vapours ccmdens© 
into roolten metaJ (in this form sodium does not easily oxidise^ whilst 
In vapour it burns) and the carbonic oxide remains as gas. 

In sodium works an iron tube, about a metre longWl a decimeter 



ria* 7a~** ’M ittn t ifiaotiare of sodltim DoylUei’B prooesa. A C, Itou tube containiiig^ a lalxtiira ^ 
60 d^ charooal, asod obali:. B, oondooser. 

in diameter, is made out of boiler plate. The pipe is luted into a 
furnace having a strong draughty Capable of giving a high temperature^ 
and the tube is charged with the mixture required for the preparatkm 
of sodium. One end of the tube is closed with a cast-iron stopper A 
with clay luting, and the other with the cast-iron stopper C provided 

Since tke close of the eighties in England, xv^here the t>reparation of sodium is at 
present carried out on a large xsommercial s^e (from 1860 to 1870 it was only 
manufactured in a few works in Prance), it has been the practice to add to DevilleV 
mixture iron, or iron o:dd.e which with the charcoal gires metallic and carbnretted iron, 
which still further facilitates the decomposition. At p>resent a HlogTam of sodinm may 
be purchased for about the same sum (2/-) as a gram cost thirty years ago. Castner^ in 
England, greatly improved the manufacture of sodium m large quantities, and so 
cheapened it as a reducing agent in the prepaiaticm of metallic fdmninium. He heated 
a mixture of 44 parts of NaHO, and 7 parts of carbide of iron in large iron retorts 
at 1,000*^ and obtained about 6^ parts ol ‘metallic sodium. The reaction proceeds 
more easib than with carbon or iron alone, and the decomposition o the NaBO proceeds 
according to the equation: 8NaHO + C=NaaCOs+8H+Ka. Subsequent, in 189X, 
aluminium was prepared electrolysis {see Chapter XVn.}, and metallic sodium found 
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witli an aperture. On heating, first of all the moisture eonialtted^ in 
the various substances is given off, then carbonic anhydride and the 
products of the dry distillation of the charcoal, then the latter begind 
^ to act on the sodium carbonate, and carbonic 

ozide and vapours of sodium appear. It is easy 
to observe the appearance of the latter, because 
on issuing from the aperture in the stopper 0 
they take fire spontaneously and bum with a 
very bright yellow flame. A pipe is then in- 
troduced into the aperture O, Compelling the 
vapours and gases formed to pass through the 
condenser B. This condenser consists of two 
square cast-iron tjtrays, A and A', fig. 71, with 
wide edges' firmly ^screwed together. Between 
th^e two trays there is a space hi wmbh the condeusution of the 
vapours of sodium is effected> the thin metallic walls of the condenser 
being cooled by the air but remaining hot en<^^g^^ preserve the 
sodium in a liquid state, so that it does not choke the apparatus, but 
continually flows from it. The vapomrs of sodium, condensing in the 
cooler, flow in the shape of liquid metal inifo a vessel containing some 
non-volatile naphtha or hydrocarbon. This is used in order to prevent 
the sodium oxidising as it issues froin the condenser at a somewhat 
high temperature. In order to obtain sodium of a pure quality it is 
necessary to distil it once more, which may-even be done in porcelain 
retorts, but the distillation must be conducted in a stream of some gas 
on which sodium does not act, for instance in a stream p£ nitrogen ; 
carbonic anhydride ig not applicable, because sodium partially de- 
composes it, absorbing oxygen from it. Although the above described 
methods of preparing sodium hy chemical means have proved very con- 
venient in practice, still it is now (since 1893) found profitable in 
England to obtain it (tp the amount of sevetal tons a week) by- Davy^A 
classical method, i.e.by the action of an electric current at a moderately 
high temperature, because the means for producing an electric current 
(by motors and dynamos) now render this quite feasible: This may be 
t^asrded as a sign ^t in process of time many other technical methods 
for producing various substances by decomposition may be profitably 
•cOTried on by electrolysis. 

Pure sodium is a lustrous metal, white as silver, soft as wax ; it 
becomes brittle in the cold- In ordinary moist air it quickly tarnishes 

two iw8W Uses j (1) for Uie mauti&u^tiire of peroxide of sodium (SBB later on) wliloh Is used 
in bleacSiing ■works, and (2 ) in th e manufacture of potassium ec^um oyanide from 
f^otw xspJ^siate (C5kapt« XHIn Note 12). 
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^nd becomes covered -with a film of Hydroxide, NaHO, formed at the 
expense of the water in the air. In perfectly dry air sodium retains 
its lustre for an indefinite time. Its density at the ordinary tempera- 
ture is equal to 0*98, so that it is lighter than water ; it fuses very 
easily at a temperature of 95®, and distils at a bright red heat (742^ 
according to Perman, 18891. Scott (1887) determined the density of 
sodium vapour and found it to be nearly 12 (if H 1), This shows that 
its molecule contains one atom Qike mercury and cadmium) It 

forms adloys with most metals, combining with them, heat being some- 
times evolved and sometimes absorbed. Thus, if sodium (having a clean 
surface) bo thrown into mercury, especially when heated, there is a flash, 
and such a considerable amount of heat is evolved that part of the 
mercury is transformed into vapour Compounds or solutions of 
sodium in mercury, or amalgams of sodium, even when containing 
2 parts of sodium to 100 parts of mercury, are solids. Only those 
amalgams which are the very poorest in sodium are liquid. Such alloys 
of sodium with mercury are often used instead of sodium in chemical 
investigations, because in combination with mercuiy sodium is not 
easily acted on by air, and is heavier than water, and therefore more 
convenient to handle, whilst at the same time it retains the principal 
properties of sodium,^ ^ for instance it decomposes water, forming 
NaHO. 

It is easy to form an alloy of mercury and sodium having a crystal- 
line structure, and a definite atomic composition, NaHg^. The alloy of 
sodium with hydrogen or sodium hydride, KaaH, which has the external 


SB This is also sIkwh by the fall in the temperature of soKdification of tin produced 
by the addition of sodium (and also A1 and Zn). Heycock and Neville (1889). 

S’® By difisolving sodium amalgams In water and acids, and deducting the heat of 
solutioix of the sodium, Berthelot found that /or each atom of the eodium in amalgatps 
containing alarger amount of mercury than NaHgs, the amount of heat evolved increases, 
after which the heat of. formation falls, and the heat evolved decreases. In the formation 
of NaHgj about 18,600 calories are evolved ; when NaHgj is formed, about 14,000 ; and 
for NaHg about 10,000 calories. Kraft regarded the definite crystalline amalgam as 
having the composition of NaHgg, but at the present time, in accordance with Grimaldi’s 
fesults, it is thought to be NaHgg. A similar amalgam is very easily obtained if a 
6 p.c. amalgam be left several' days in a solution of sodium hydroxide until a crystalline 
mass is formed, from which the mercury may be removed by strongly pressing in chamoia 
leather. This amalgam with a solution of potassium hydroxide forms a potassium 
4Sinalgain, KHgip. It may he mentioned here that the latent heat of fusion (of atomio 
quantities) of Hg=860 (Personne), Ka — 780 (Joannis), and K = 610 calories (Joanni?). 

*0 Alloys are so similar to solutions (exhibiting such complete parallelism, in proper- 
lies) that they are included in the same class of so-called indefinite compounds. Butnixi 
alloys, as substances passing freon the liquid to the solid state, it is easier to ^soover tha 
fbnnation of definite chemical compounds. Besides the allots of Na with Hg, those with 
l&n CBalby 1892 found NaaSn), lead (KaPb), bismuth (Na^Bi), &c. (Joannis 1892 and others) 
have been investigated* 
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The most important ohemical property of sodium is its power of 
easily decoioposing water and ^alvincf hydrogen from the majority of 
tho hydrogen compounds, and especially .from all acids, and hydrates 
in which hydroxyl must ho recognised. This depends on its power of 
eon\bining with the oloxnenta which are in combination with the 
hydrogen* Wo already know that sodium disengages hydrogen, not 
<^nly from water, hydroohlorio acid,^^ and all other acids, but also from 
ammonia,'*^ with tine formation of sodamide although it 

does not displace hydrogen from the hydrocarbons Sodium burns 

II. A, Sclimidt remarked that perfectly dry hydrogen chloride Cs deoompoBod 
witti grtal difhonlfcy by aodinm, although the dooompodtion proceode easily with potaa- 
ilwmi and with sodium In moist liydrogon olilorido. Wanklyn also remarked that sodium 
nhumawith gnmt difficulty in dry chloriuo. Probably those facts aro related to other 
l^itnomena observed by Dixon, who found that perfectly dry carbonio oxide does not 
#X|>lmlo with oxygen on passing an olecirio sparlt 

^ 8odamido, NHyNa, (Chapter IV., Noto 14), discovered by Gay-Lussoo and 
Thilnavd, hanfontjed tho object of repeated r(mearob,but has boon most fully investigated 
by A. W. Titlierhiy (18U4). Until rooently tho following was all that waa known about 
eoinpouiul;-— 

By heating sodium in dry tummonio, Oay-Ijussac and Tlufnard obtained an olive- 
frttn, mwi, NHaNa, hydrogen being separated. This substance 

with water lwm« sodium hydroxide and ammonia ; with carbonic oxide, CO, It forms 
sodium cyanide, NaCN, and water, H9O ; and with dry hydrogen chloride it forms sodium 
and ammonium chlorides. These and other reactions of sodamide show that tho metal 
in it pWHerves its energetic propcrticH in reaction, and tiiat this compound of sodium is 
more atablo than the oorresjK)ndiiig chlorine ainido. When heated, sodamide, NHftNa, 
only partially tlecotniKJses, with evolution of hydrogen, tho principal part of it giving 
ainimuda tint! mHllurn nitride, Na.-jN, twcording to tho ocpuiitiou 8NH2Na«®2NH5 + NNa3. 
Th« latter ia on aUuost block |K)wdery mat»a, decomiwsod by water hrto oimnonia and 
#odlum hydroxide. 

Tltihirl^*« rawardtitB added the following .data:— 

Iwtt or rilv« veawls should be used fn preparing this body, because glass end 
IporetMn are eomded at 800^00^, at whihh temperature ammonia gas acts upon 
fodium and foms the amide with the evolution of hydrogen. The reaction proceeds 
slowly, but ii complete if there be mi excess of NII3. Pure NHaNa is colotirless (its 
<eolattration ii due to i^arlous impurities), semi-transparent, sliows tiuoes of crystallisation. 
liM a cunchoidul frivciuro, and luelts at 146*'. Judging from tho increase in weight of 
Ittie WKlium and tho quantity of hydrogen which is disengaged, tlie composition of the 
amide is tsxacUy NliaNa. It |>artially volatilises (sublimes) in vacuo at 200°, and brooks 
<ap into 2Nft4 at 600°. Tho same amide is fomed when oxide of sodium is 

btaittUn Nils: N%04 SINHa»aNaH<,N4H^O. NaHO is also formed to some extent 
by Uie rtfsuHant H{jO. X'ottvssium and lithium form similar amidoB. 'Witb. water, 
idrohol, and acidi, NHaNa gives NH5 and NaHO, which react further. Anhydrous CaO 
abf*orbi NHaNa whyjj heated without decomposing it. When sodamide is heated with 
©lOi, NH3 k disengaged, and silicon nitride formed. It acts still more readily upon 
Iberia aahydrldo when beatcKl with it; aNIInNaH* Ba03«2BN4 2NaH0*fH30. When 
lightly htmted, NH.jNa+NOCl^-^NaCl + Nad HaO (NHNoa and KNaj are apparently not 
form«d at a higher temperature). Tho halogen organic compounds react with the aid 
0f hiat, but with so nuu'h energy that tho reaction frequently leads to the ultimate de- 
itetcfelon of the organic gwmps and produetion of carhdn. 

^ At ^ium dots not displwnj hydrogen from the hydrocarboni, it may t>$pr$$&rvad 
to hqtili hyirooorboni. Naphtha in generally used for this purpose, as It consists of ft 
walxtort of virtoBJ liquid hydrocarbons. Plowever, in naphtha sodium usually becomes 
^lid with a am»t eowpoted of matter produced by the action of the sodium on certain 
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All three oxides form sodium hydroxide wit3i water, but only the 
oxide Na20 is directly transformed into a hydrate. The other oxides 
,liberate either hydrogen or oxygen ; they also present a similar dis- 
tinction Fith reference to many other agents. Thus cafboi^c anhydride 
combines directly with the oxide NagO, which when heated in the gas 
burns, forming sodium carbonate, whilst the peroxide yields oxygen in 
addition. When treated with acids^ sodium' and aH its oxides only 
form the salts corresponding with sodium oxide— 4;hatisi of the formula or 
type NaX. 'Thus the oxide of sodium, Na^O, is the orj/y ecdt-forming 

considerably beated. Davy and Karsten obtained the oxides of potassimn, and ol 
sodiom, NaujO, by heating the metals with their hydi&xides, whence-NaHO -f Na— Na^O + H, 
but N. N. Beketoff failed to obtain oxides by thi’S means. "He prepared them by directly 
igniting the metals in dry air, and afterwards heating with the metal in order to destroy 
any peroxide. The oxide produeediJNa2<>, when'lmted in an atmosphere of hydrogen, 
gave a mixture of sodium and its hydroxide^ Na20+H=NaHO+Na {see Chapter II., 
Note 9). If bofh the observations mentioned are accuxatei then the reaction is reversible. 
Sodium oxide ought to be formed during the decomposition of sodium carbonate by oxide 
•of iron (se^JTote 26), and during the decomposition of sodimn nitrite. According to 
Karsten, its si^ecifio gravity is 2-.8, according to Beketoff 2*8. The difficulty in obtaining 
it is owing to an excess of sodium forming the suboxide, and an excess of oxygen the 
peroxide. The grey colour peculiar to the suboxide and oxide perhaps shows that they 
contain metallic sodium. In addition to tiiis, in the presence of wator it may contain 
sodium hydride and NaHO. 

40 Of the oxides of sodium, that easiest to form is the peroxide, NaO or NaaOa ; this 
is obtained when sodium is burnt in an excess of oxygen. If NaNOs be melted, it gives 
NagOa with metallic Na. In a fused state the peroxide is reddish yellow, but it becomes 
almost colourless when cold. When heated with iodine vapour, it loses oxygen : Na202 + 13 
s^NaaOIg+O. The compound NagOIj is akin to the compound ()U20C12 obtained by 
oxidising CuCl. This reaction is one of the few in which iodine directly displaces 
oxygmu The substance Na^Ol^ is soluble in water, and when acidified gives free iodine 
and a sodium salt. Carbonio oxide is absorbed by heated sodium peroxide with formation 
of sodium carbonate : N‘a20O3=Na2O2+CO, whilst carbonic anhydride liberates oxygen 
from it. With nitrous oxide it reacts thus: Na202 + 2N20=2N’aN024'N2j with nitric 
oxide it combines directly, forming sodium nitrite, ITaO + NO =sNaN02* Sodium peroxide, 
when treated with water, does not give hydrogen peroxide, because the latter in the 
presence of the alkali formed (Na2Qj+2H20^2NaH0+H^02) decomposes into water 
and oxygen. In the presence of dilute sulphuric acid it forms H2O2 (Na202 + H2S04 
= Na2S04 + H2O2). Peroxide of sodium is now prepared on a large scale (by the action of air 
upon Naat 800°) for bleaching wool, silk &o. (when it acts in virtue of the H2O2 formed). 
The oxidising properties of Na202 under the action of heat are seen, for instance, in the 
fact that when heated with I it forms sodium iodate ; with PbO, Na2PbOg ; with pyrites, 
eulphates, &o. When peroxide of sodium comes into contact with water, it evolves much 
heat, forming H2O2, aud.decompomng with the disengagement of oxygen ; but, as a rule, 
there is no explosion. But if Na202 be placed in contact with organic matter, such as 
aawduat, cotton, &c., it gives a violent explosion when heated, ignited, or acted on by 
water. Peroxide of sodimn forma an excellent oxidising agent for the preparation of the 
product of oxidation of Mn, Or, W, (fee., and also for oxidising the metallic 
sulphides. It dionld therefore find many applications in chemical analysis. To prepare 
|ffa202 on a large scale, Castner melts Na in an aluminium vessel, and at 800° passes 
air deprived of a portion of its oxygen (having been already once used), and then 
^jidinacy dry air over it. 
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CHAPTER XIII 


rOTASSIUM, EUBIDIUM, OiSESItTM, AKD LITHIUM, SPECTRUM ANATSTSIS 

JT UST as the series of halogens, fluorine, bromine and iodine correspond 
with the chlorine contained in common salt, so also there exists a cor- 
responding series of elements : lithium, Li = 7, potassium, K == 39, 
rubidium, Rb = 85, and cocsium, Os = 133, which are analogous to the 
sodium in common salt. These elements bear as great a resemblance 
to S(xlium, Na = 23, as fluorine, F 19, bromine, Br = 80, and iodine, 
I » 127, do to chlorine, 01 = 35*5. Indeed, in a free state, these 
diements, like sodium, are soft metals which rapidly oxidise in moist 
air and decompose water at the ordinary temperature, forming soluble 
hydroxides having clearly-defined basic properties and the Oomposition 
RHO, like that of caustic soda. The resemblance between these metals 
is sometimes seen with striking clearness, especially in compounds such 
as salts.* The corresponding salts of nitric, sulphuric, carbonic, and 
nearly all acids with these metals have many points in common. The 
metals which resemble sodium so much in their reactions are termed 
the mskdi qf alkcdis, 

Tuttoa^»r«waofoli®s(X804)Qpob th© analogy of the oiyatallin© forms of Kj8S04,Bb3S04 
and Cbj |804 may b@ tfijfcon m a typical example of tb© comparison of analogous compounds. 
W© cite tli© following data from tbos© ©xoellent researches : th© sp. gr, at 20^/4® of KI3SQ4 
ii a-OfiSS of lU)aB04, S’0118, and of C08SO4, 4*2484. Tlio coomoient of cubical ©xpansdon 
(the moan botwoon and CO*^) for th© K salt is 0'0058, for tho Bb salt 0*0052, for th© 
Os salt 0*()061. Th© linear expansion (the maximum for the vcr^cal axis) along th© axis 
of eryitallisation is th© same for all throe salts, within the limits bf ©xperimontal error. 
Th© rcplaoeniont of potassium by rubidium causes the distance between the centres of 
♦ke mdotmles in tli© direction of tli© thro© axes of crystallisation to inoroaso equally, and 
|tsi tlmn with th© replacement of rubidium by ceeaium. The index of refraction for all 
rayi and for every crystalline path (direction) is greater for the rubidium salt than for 
the |K)taisium salt, and less than for tlie caesium salt, and the differonoes aro nearly in 
the ratio 2 ; 5. Th© lengths of tli© rhombic crystaUin© axe® for KsS04 are in th© ratio 
0*8 W : 1 I 0*7418, for Rb3804, 0*0728 : 1 : 0*7480, and for OS 3 SO 4 , O*07l2 : I : 0*7091. 
®h© development of basic and braohy-pinacoids graduslly increases in passing fifom 
E to Kb and Os. Tim opticed properties also follow the same order both at Ih© ordmary 
and at a higher totnperatur©. Tutton draws th© g©n©tol conolnsion that ih© cjystaUo* 
graphic pfoperties of fli© isomoiphio rhombic sulphates Bg|S04 ar© a function of th© 
at^d© wd^t of ^© metals contained in thcbi iu$ Chapter XV,) Such resaarohes as 
thoi© ^uia do mmh towards hastening the establishment of a true mdeoular mSohanice 
of phyihK^ehmkal i^byonomtSna. 
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KMgCl3,6HaO, occurs at Stassfurt^ This carualHte® is now em- 
ployed as a material for the extraction of potassium chloride, and of all 
the compounds of this element.^ Besides which, potassium chloride 
itself is sometimes found at Stassfurt as sylvine.^ By a method ol 

* CamalHte belongs to the nuraber of double salts which are directly decomposed by 
water, and it only crystallises from solutions which contain an excess of magnesiura 
chloride. It may be prepared artificially by mixing strong solutions of potassium and 
magnesimn chlorides, when colourless crysMs of sp., gr. 1*60 Separate, whilst the Stass- 
furt salt is usually of a reddish tintj owing to traces of iron. At the ordinary temperattiro 
sixty-five parts of camallite are soluble in one hundred parts of water in the presence of 
an excess of the salt. It deliquesces m the air, forming a solution of magnesium chloride 
and leaving potassium chloride. The quantity of camallite produced at Stassfurt is now 
as much as 100,000 tons a year. 

® The method of separating sodium chloride from potassium chloride has been de- 
scribed in Chapter I. On evaporation of a mixture of the saturated solutions, sodium 
chloride separates; and then, on cooling, potassium. c^oride separates, owing to the 
difference of rate of variation of their solubilities with the temperature. The following 
are the most trustworthy figures for the solubility otjpoiassium chloride in one hundred 
parts of water (for sodium chloride, see Chapter X, Note 13) 

10° 20*" 40® 60? iOO® 

82 03 40 40 67 

When mixed with solutions of other salts the solubility ol potassium chloride, naturally 
varies, but not to any great extent. 

Sbu The specific gravity of the solid salt is 1*90— that is, less than that -of so^um 
cdiloride. All the salts of sodium are specifically heavier than the corresponding salts of 
potassium, as are also their solutions for equal percentage 'compositions. If the specifi<? 
gravity of water at 4° —10,000, then at 15® the specific gravity of a solution of jp p.o. 
potassium chloride = 9,092 -i-63'29jp+0'226p*, and therefore for 10 p.c.= 1*0647, 20 p.o. 

1*1848, &o. 

Potassium chloride coiiibines with Iodine trichloride to form a compound KCl+ICls 
csKICL, which has a yellow colour, is fusible, loses iodine trichloride at a red heat, 
and gives potassium iodate and hydrochlorio acid with water. It is not only formed by 
direct combination, but also by many other methods ; for instance, by passing chlorine 
into a solution of potassium iodide so long as the gas is absorbed, KT-f 2Cla=sK01iICl5. 
i?otassium iodide, when treated with potassium: chlorate and strong hydrochlorio acid, 
also gives this compound; another ijiethdd fox its formation is given by the equati<to 
KC103+I+6HCl=KCl,ICl5'+3Cl-H3HjjO; This is a kind of salt eOrresponding with 
KlOa (unknown) in which the oxygen -is replaced, by chJo^e. • If valency be taken a% 
the starting-point in the -study of chemical compounds, and the elements considered as 
tuELving a constant atomicity (number of bonds)— that is, if K, Cl, and I be taken as 
univalent elements— then it is impossible to explain the formation of suob a compoiind 
because, according -to tins view. Univalent elements are only able to form dual com- 
pounds with .each other; such as, KCl, ClI, Kl, &o., whilst here they are groupedl 
together in the molecule KICI4. Wells, Wheeler, and Penfield (1892) obtained a large 
uvunber of such poly-haloid salts. They may all be divided into- two large classes J 
file tri-h'aloid and' the penta-haloid salts. They have been ottained .not only for K 
but also for Rb and Cs, and partially also for Na and Li. The genteraj method of their 
formation consists in dissolving the ordinary halogen salt of the metal m ^vC'ter, and 
treating it with the requisite amount 0^ fcee halogen. The poly-haloid •salt'fi^araiea 
put after evaporating the solution at a more or less low temperature. In this manner, 
gmong the tri-haloid salts, may be obtained : KBr^I, KCl^I, and the corresponding 

salts of rubidium and caesium, for instance, Csl$, CsBrl2, CsBrjI, CsClBrl CsCIal, 
CaBrs, O8ClBr3t Os0l2Br, and in goiieral where 2^ is a halogen. ThiE» colour of title 
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found to have rotaincd a somewhat considerable percentage of the 
potasaiuiB compounds. If a salt of potassium be taJken, then during 
the filtration tm equivalent quantity of a salt of calcium— which is also 
found, as a rule, in soils— is set free. Such a process of filtration 
through fiiioly divided mirthy substances proceeds in nature, and the 
compounds of potassium are everywhere retained by the friable earth 
In considerable quantity. This explains the presence of so small an 
amount of potassium salts in the water of rivers, lakes, streams, and' 
oo»n% where the lime and soda have accumulated. The compounds of 
|yotasilum retained by the friable mass of the earth are absorbed as an 
©quemis solution by the roots of plants. Plants, as everyone knows, 
when burnt letwe an ash, and this ash, besides various other substance^ 
without exception contains compounds of potassium. Many land 
plants contain a very email amount of sodium compounds,® whilst 
potassium and its compounds occur in all kinds of vegetable ash. 
Among the generally cultivated plants, grass, potatoes, the turnip, 
and buckwheat are particularly rich in potassium compounds. The 
Mh of plants, and especially of herbaceous plants, buckwheat straw^ 
sunflower and potato leave® are used in practice for the extraction of 
potagrium compounds. There kmo doubt that potassium occurs in the 
plants themselveain the form of complex compounds, and often as salt® 
of organic acids, In certain cases such salts of potassium are even 
extracted from the juice of plants. Thus, sorrel and oxalis, for example,, 
contain in their juice® the acid oxalate of potassium, 0aHK04, which ia 
employed for rcmovhog ink stidna. Grape juice contains the so-called 
of wMch I® the acid tartrate of potassium, 

^ E ktrbaoMM pl^tti eoutdn much mdlm is th^t tkees salts mablyr 
come from ths sodium compounds in tbo wat« absorbs® by tb® plants. 

^ As plants always contain min oral iubstimoci and cannot thrivs in a msdium which 
Coos not contain them, more especially in on© winch is free from th© salts of the lour 
basic orldei, KaO, OaO, MgO, and FcaOs, and of th© four add oxides, OOa^ NaO^, 
TaOii, and BOa, emd as Uio amount of ashdorming substanocs in plants Is small, tbs 
<l«owtion IwcvitaUy arbos 4wi to what part those play in th© dovolopmont of plamta. 
WUh th© oxiiting chsmloid data only ono answer is poBsiblo to this question, and it ia 
«till mdy a hypoilictlt. This answer was partionlaxly closxly oxprossed by Brofossor 
Ottitafsci^ of th« PetroS^ AgricuUnral Academy. Starting from tho fast (Clmptmi 
Note tg) that a small quantity of aluminium renders possible or facilitates the 
rtaction of bromln© on hydrocukxbons at tho ordinary temperature, it is oa^ to aj^v© a® 
tbc cmmiuilon, which is very probable and in aooordanoo with many data respecting tha 
tiwtIoM of orfanlo compounds, that th© addition of minoralsubstsnoes to orgtmSe com* 
pounds lowers ttm temperature of reaction and in general facilitates chemic^.reaotioni 
ta planti, and that aid® the conversion of the most dmpl© nourishing substonoes into tha 
complcs ©omponent j>artiof ih© plant organism. Tho province of ohomioal Veactlons 
pee^idlnf In organio iubitenews in tho presence of a small qtmnUty of mincria snbstano^ 
m ift hmn but littlt Inveitigated, although thero 6M fdready several disconneotea 
date eouOiAtof rtactioni of ^is kind, and although a groat deal is known with regwfH 
^•«uoh rtftoflen® among teorfante compounds. Tho ossenoe of the matter may bo ^ 
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may also be obtained from the chloride by a method similar to that by 
which sodium carbonate is prepared from sodium chloride.® There is no 
difficulty in obtaining any salt of potassium — for example, the sulphate,^ 

quantities (as a sediraent from “wine) for medicinal use under filename of cream of tartar* 
When ignited without acceea of air, it leaves a mixture of charcoal and potassium 
carbonate. The charcoal so obtained being in a finely-divided condition, the mixture 
(called * black flux ’), is somethnes used for reducing metals from their oxides with the 
fdd of heat. A certain quantity of nitre is added to bum the charcoal formed by 
heating the cream of tartar. Potassium carbonate thus prepared is further purified hy 
converting it into the acid salt, by passing a current of carbom'o anhydride through 
a strong solution. EHGO5 is then formed, which is less soluble than the normal salt 
(as is also the case with the oorresponding sodium salts), and therefore crystals of the 
acid salt separate fixim the solution on cooling. When ignited, they part with their 
water and carbonic anhydride, and pure potassium carbonate remains behind. The 
physical properties of potassium carbonate distinguish it sufficiently from sodium 
carbonate ; it is obtained from solutions as a powdery white mass, having an alkalme 
taste and reacfaon, and, as a rule, shows only traces of crystallisation. It also attracts 
the moisture of the air with great energy. The crystals do not contain water, but 
absorb it from the air, deliquescing into & saturated solution. It melts at a red heat 
(1045°), and at a still higher temperature is even converted into vapour, as has been 
observed at glass works where it is employed. It is very soluble. At the ordinary 
temperature, water disscflyes an equal wmght of the salt. Crystals containing two 
equivalents of water separate from such a saturated solution wheh strongly cooled (Morel 
obtained in weU-foimed crystals at + 10®). There is no necessity to de* 

scribe its reactions, because they are all oncdogoua to those of sodinm carbonate. When 
manufactured sodium carbonate was but little known, the consumption of potassium 
carbonate was very considerable, and even now wasbmg 'soda is frequently replaced 
for household purposes by *ley*— i.e. an aqueous solution obtained from aahe8» 
it contains potassium carbonate, which acts like the sodium ealt in washing tissues, 
linen, &o, 

A mixture of potos^um and sodium corbCmtes fusts with much greater ease than the 
eepaorate salts, and a mixture of their solutions gives Well-ciystallased salts — ^for instanoo 
(MaigU€rite*s salt), KaCQsjCH^OjflUajiOOjj-flH^O, 'OrystaHisation also occurs in other 
mult^lo proportions of K and Na (in the above case 1 : 2, but 1 : 1 and 1 : 8 are known), 
and always with 6 md. H3O. This is evidmatly a combination by similarity^ as in alloys, 
fiolutiona, &c. 

® About 25,000 tons of potash annually are now prepared from KOI by this method 
At Stassfurt. 

® Potassium^ sulphatey K2SQ4, crystallises from its solutions in on anhydrous oondi* 
tion, in which respect it differs from the corresponding sodium salt, just as potassium car- 
bonate differs from sodium carbonate. In general, it must be observed that the majority 
of sodium salts combine more easily with water of crystallisation than the potassium 
salte. The solubility of potassium sulphate does not show the same peculiarities as that 
of sodium sulphate, because it does not combine with water of crystallisation; at the 
ordinary temperature 100 parts of water 'dissolve about 10 parts of the salt, at 0° 8*8 
parts, and at 100® about 26 parts. The add sul^hate^ KHSO4, obtained easily by 
heating crystals of the normal salt with sulphuric acid, is frequently employed In 
chemical practice. On heating the mixture of acid and salt, fumes of sulphuric acid are 
at first given off ; when they cease to be evolved, the acid salt is contained in the residue* 
At a higher temperature (of above 600°) the acid salt parts with all the acid oontamed in 
ft, the normal salt being re-formed. The definite composition of this acid salt, and the 
•i^kse with which it decomposes, render it exceedingly valuable for certain chemical tran»> 
ioTmatioxis accomplished by means of sulphuric add at a high temperature, beoauae it is 
possible to take, in the form of this salt, a strictly definite quantity of sulphorio aci^ 
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-bromide, and iodide by the action of the corresponding acid on KOI 
and especially on the carbonate, whilst the hydroxide, cauatic potash^ 
KHO, wliich is in many respects analogous to caustic soda, is easily ob- 

find to cause it t6 'act on a given substance at a high temperature, which it ie often i 
necessary to do, more especially in chemical analysis. In this case, the acid salt acta j 
in exactly the same manner as sulphuric acid, itself, but the latter is inefficient at 
temperatuxes above 400^, because it all evaporates, while at that temperature the aciw 
salt.stiU remains in a fused state, and acts with the elements of sulphuric acid on the 
substance taken. Hehce by its means the boiling-point of sulphurio acid is raisedi 
HJhus the acid potassium sulphate is employed, where for conversion of certain oxides^ 
such as those of iron, aluminium, and chromium, into salts, a high temperature is 
required. 

Weber, by heating potassium sulphate with an excess of sulphuric acid at 100®,r 
observed the formation of a lower stratum, which was found to contain a dehnite com-^ 
pound containing eight equivalents of SO3 per equivalent of KgO. The salts of 
rubidium, ceesium, and i'.linniTiTYi give a similar result, but those of sodium and lithium 
do not. {See Note 1.) 

10 The hromide and iodide of potassium are used, like the corresponding sodium 
Compounds, in medicine and photography. Potassium iodide is easily obtained, in a pure 
state by taturating a solution of hydriodic acid with caustic potash. In practice, how- 
ever, this method is rarely had recourse to, other more simple processes being em- 
ployed although they do not give so pure a product. They aim at the direct formatiom 
of hydriodic acid in the liquid in the presence of potassium hydroxide or carbonate;. 
Thus iodine is thrown into a solution of pure potash, and hydrogen suljphide passed 
through the mixture, the iodine being thus converted into hydriodic acid. Or a solutidri 
is prepared from phosphorus, iodine, and water, containing hydriodic and phosphoric acid ^ 
lime is then added to this solution, when calcium iodide is obtained in solution, and 
calcium phosphate as a precipitate. The solution of calcium iodide gives, with potassium 
carbonate, insoluble calcium carbonate and a solution of potassium iodide. If iodine ia 
add^ to a slightly-heated solution of caustic potash (free from carbonate — that is, freshly 
prepared), so long as the solution, is not coloured from the presence of an excess of 
io^e, there is formed (as in the oc^mof chlorine on a solution of caustic potash) a 
mixture of potassium iodide and iodate. On evaporating the solution thus obtained and 
igniting the residue, the iodate is destroyed and converted into iodide, the oxygen bein^ 
disengaged, and potassium iodide only is left behind. On dissolvihg the residue in watet 
and then evaporating, cubical crystals ot the anhydrous salt are obtained, which are 
soluble in water and alcohol, and on fusion give an alkaline reaction, owing to the fact thal^ 
when ignited a portion of the salt deebmposes, forming potassium oxide. The neutral 
salt may be obtained by adding hydriodic acid to this alkaline salt until it gives an 
acid reaction. It is best to add some finely-divided charcoal to the mixture of iodate 
cod iodide before igniting it, as this facilitates the evolution of the oxygen from the iodate.. 
The iodate may also be converted into . iodide by the action • of certain ^reducing agents,, 
as rino amalgam, which whenhoiled with a solution containing an iodate converts 
it into iodide. Totassium iodide may also be prepared by mixihg a solution of ferrous 
iodide (it is best if the solution contain an eiccess of iodiije) and potassium carbonate, in> 
which (sse f^nrous carbonate FeClOj, is precipitated (with on excess of iodine the pre- 
cipitate is gmnular, and contains a compound of the suboxide and oxide of iron), while 
pol^um iodide remains in solution,. Ferrous iodide, Feig, is obtained by the direct 
aefeon of iodine on iron ui water. Potassium iodide considerably lowers the temperature 
(by when it dissolves m water, 100 parts of the salt dissolve in 78*5 parts of water at 
12*6°, m 70 parts at 18^ , whilst the saturated solution which boils at 120° contains 100 
j^rls cf pOT 45 parts of water. Solutions of potassium iodide dissolve a considerable 
amount of iodine ; strcM^ solutions even dissolving as mucbi or more iodine than they 
centein as potassium iodide (see Nete 8 bis'and Chapter SX, N'ote 64). 
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!d»ed by means of lime in exactly the same manner in which sodium 
fdroxido is prepared from sodium carbonated’ Therefore, in order to> 
rapleto our knowledge of the alkali metals, We will only .describe two 
Its of potassium which are of practical importance, and whoso 
laloguofi have not been described in the preceding chapter, potassium 
ranide^nd potaaaium nitrate. 

P&tmdum tyawcfei which presents in its chemical relations a certain 
lalo^ with the halogen salts of potassium, is not only formed accord- 
^ to the equation, KHO 4- HON *=?; HgO -t- KON, but also when- 
a nitr^enous carbon compound— for instance, animal matter — is 
mted in the presence of metalUo potassium, or of a compound of 
►tosslum, and even when a mixture of potash and carbon is heated in 
stream of nitrogen. Potassium cyanide is obtained from yellow 
ussiate, which has boon already mentioned in Chapter IX., and 
boso preparation on a large scale will bo described in Chapter XXII, 
the yellow prussiate bo ground tc^ a powder and dried, so that it loses 
I water of oi^stallisation, it thOn melts at a rpd heat, and decomposes 
to <mrhida of iron, nitrogen, and potassium cyanide, PeK4CeN^ 
4 KCN -f I%Ca 4 - iNfi* After the decomposition it is found that the 
How salt has been converted into a white mass of potassium cyanide, 
le carbide of iron formed collects at the bottom of the vessel. If 
0 mass thus obtained bo treated with water, the potassium cyanide 
partially docomposod by the water, but if it bo treated with alcohol. 
Ml toe cyanide is dissolved, and on cooling separates in a crystalline 
Ml,’® A sc^ution of potassium cyanide has a powerfully alkaline 

poMbi ift act <mly loxmd ky nctica of lime on dilate solutions of 
Mdum (m sodium kydeoxids is inrspated sodium osrbonate), but 

ifulMug pofeMsJum nitmte with ftiwly-diidded copper (tm Note 16), and also by mixing 
atloni ol potaeiium stdphate (or OTen of alum, KAlSaOs) and barium hydroadde, 
lUi, sometimei puri fiesd by diasolving it in aloohol (the impurities, for example, 
asslum sulphate and (mrbonate, are not dissolved) and then evaporating the aloohol. 
Tlu^ apttoitlc gravity of potassium hydroxide is a’04, but that 0 ! its solutions {sse 
XII., Note 10) at IS® S«w 0,992 +90-4jp + (berejp® is +, and for sodium 
broxld© it Strong solutions, when cooled, yield aRsrystoUo-hydra^, KHOjlH^O, 
Eeh dissolves in mW, producing 6old (lUce 5iNaIIO,7HaO), whilst potaa^nm hydroxide 
solu^on develops u jeoniiderable amount’ of heat, 

W When yellow prusaiate is heated to redness, all tho cyanogen which was in 
nhlmtiott with the iron is d€com|K>8od into nitrogen, wliich is evolved as gas, and 
bon, which eombints with iJie iron. In order to avoid this, potasBium carboneiie is 
t©d i© thi yellow pruisiate .while It fs being fused. A mixture of 8 parts of anhydrous 
low i^ussiate Mid B paxtil of pure potassium carbonate is generally taken. Bouble 
ompoiitlon than takes place, resulting in the formation of ferrous parbonate and 
Wiium ^Miide. But by thin method, as by tlie first, a pur© salt is not obtained, 
mm a i^rfelon of tht iJotOBsium cymid© is oxidised at tho expense of the iron 
<iad f«nai poli^dimp cyanat®, B’^Og+KCJN^OOg+Fe+KONO; ’and thc^ 
larfwnf Oyaaiidd v«y ooilly fewns oxide, which acts on the sides of the vessel in. 
oh th® miilwr# is heated (to avoid, M& iron vessels should be used). By od&g. 
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Gold and silver are eolnble in potassium cyanide m tbe presence t>l 
air, in which case the hydrogen, which would otherwise be evolved in 
the reaction, combines with the oxygen of the air, forming water (plissl er , 
MacLaurin, 189S), for example, 4Au 4* 4K0]Sr +■ 0 + HgO « ^AuKOgNTa 
+ 2KHO, which is taken advantage of for extracting gold from its 
ores (Chapter Platinum, mercuiy, and tin are not dia- 

solved in a solution of potassium cyanide, even with access of air. 

Poiamium nUraUf or common nitre or aaltpetn, KNTO^ is chiefly 
used as a oompquent part of gunpowder, in which it cannot be replaced 
by the sodium salt, because the latter is deliquescent; It is necessary 
that the nitre in gunpowder should be perfectly pure, as even small 
tmoes of sodium, magnesium, and calcium salts, especially chlorides, 
render the nitre and the gunpowder capable of attracting moisture 
Nitre may easily be obtained pure, owing to its great disposition to 
form crystals both large and small, which aids its separation from other 
salts. The considerable difierences between the .solubility of nitre at 
different temperattires aids this crystallisation. A solution of nitre 
saturated at its boiling point (116®) contains 335 parts of nitre to 100 
parts of water, whilst at thq ordinary temperature— for instance, 20® — 
the solution is only able to retain 32 parts of the salt. Therefore, in 
the preparation and refining of nitre, its solution, saturated at the 
boiling point is cooled, and nearly all the nitre is obtained in the form 
of crystals. If the solution be quietly and slowly cooled in large 
quantities then large crystals are formed, but if it be rapidly cooled and 
agitated then small oiystals are obtained. In this naannesr, if not all, 
at aR events the minority, of the Impurities present in small quantities 
remain in the moth^ liquor. If an unsaturated solution of nitre be 
rapidly cooled, so as to prevent the fomfation of large crystals (in whose 
crevices the mother liquor, together with the impurities, would remain), 
the very minute crystals of nitre known as saltpetre flour are obtained. 

Common nitre occurs in nature, but only in small quantities in 
admixture with other nitrates, and especially with sodium, magnesium, 
and ecdcium nitrates. Such a mixture of salts of nitric acid is formed 
in nature iu fertile earth, and in those localities where, as in the soil^ 
nitrogenous organic remains are decomposed in the presence of alkalis 
or alkaline bases with free access of qir* ’l^his method of the formation 
ii nitrates requires moisture, besides the free access of air, and takes 
place principally during warm weather.*^ In warm countries, and In 
fei* A loltttioa o! KCN h fcakati, not containing more than 1 por o©nt. KCN. 
MftdCAuiini «j^Wns tWt by th© faot Umt iitrong solutions diwolve gold loss rapidly, owing 
to Ih^ Itis dr, whot# oxygon is nooosMry foriho reaction. 

wUoh BcUootsIng iind MUnte, by employing rimilor to Pesteur, 

Showed that the fotmfttimi of rilr# in the deeWposittpn of tdtrogoaoas substmooos iil 
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temperate climittes during the summer m<>iiths, fertile soils produde & 
small quantity of nitre. In this respect India is especially known' as 
affording a considerable supply of nitre extracted from the soil. The' 
nitre-bearing soil after the rainy season sometimes becomes covered 
during the summer with crystals of nitre, formed by the evaporation 
of the water in which it was previously dissolved. This soil is col*' 
lected, subjected to repeated lixiviations, and treated for nitre as will 
be presently described. In temperate climates nitrates are obtained 
from the lime rubbish of demolished buildings which have stood for 
many years, and especially from those portions which have been in con* 
tact with the ground. The conditions there are very favourable for 
the formation of nitre, because the lime used as a cement in buildings 
contains the base necessary for the formation of nitrates, while the 
excrement, urine, and animal refuse are sources of nitrogen. By the 
methodical lixiviation of this kind of rubbish a solution of nitrogenous 
salts is formed similair to that obtained by the lixiviation of fertile 
soil. A similar solution is also obtained by the lixiviation of the so 
Called nitT6 pl<mtations. They are composed of manure interlaid with 
brush-wood, and strewn over with ashes, lime, and other alkaline 
rubbish. These nitre plantations are set up in those localities where 
the manure is not required for the fertilisation of the soil, as, for 
example, in the south-eastern ‘black earth ^ Governments of Russia. 
Tl^ same process of oxidation of nitrogenous matter freely exposed to 
ak and moisture during the warm season in the presence of alkalis 
takes place in nitre plantations as in fertile soil and the walls of 
buddings. From all these sources there is obtained a solution con- 
taining vanbus sajts of nitric acid mixed with soluble organic matter. 
The simplest method of treating this impure solution of nitre is to 
add a solution of potassium carbonate, or to simply treat it with 
ashes containing this substance. The potassium carbonate entqrs into 
double decomporition with the calcium and magnesium salts, forming 
ii^luble carbonates of these bases and leaving the nitre in solution. 

lor instance, KaOO^ + Ca(]SrOa)a == 2 KIIO 3 -f* OaOOa. }?oth 
oa^um ^4 D^gnesiipn carbonates are insoluble, and therefore after 
^reatotent wilh pota^um ji^rbonate the solution no longer contains 
metals but- only the salts of sodium and potassium 
tc^ether^ wi^ organic matter. The latter partially separates 

in an insoluble form, and is entirely destroyed by heating the 
l^re to a low h^yt^ The nitre thus obtained is easily purihed by 
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repeated crystallisation. The greater part of the nitre used for 
making gunpowder is now obtained from the sodium salt Chili salt* 
petre or mihic nitre, which occurs in nature, as already mentioned. 
The conversion of this salt into common nitre is also carried on by 
means of a double decomposition. This is done either by adding 
potassium carbonate (when, on mixing the strong and hot solutions, 
sodium carbonate is directly obtained as a precipitate), or, as is now 
most frequent, potassium chloride. When a mixture of strong solu- 
tions of potassium chloride and sodium nitrate is evaporated, sodium 
ohloride first separates, because this salt, Vhich is formed by the 
double decomposition KOI -f NaN 03 = KNO 3 + NaCl, is almost 
equally soluble in hot and cold water ; on cooling, therefore, a large 
amount of potassium nitrate separates from the saturated solution, 
while the sodium chloride remains dissolved. The nitre is ultimately 
purified by recrystallisation and by washing with a saturated solu- 
tion of nitre, which cannot dissolve a further quantity of nitre but only 
the impurities. 

Nitre is a colourless salt having a peculiar cool taste. Tt crystal- 
lises easily in long striated six-sided rhombic prisms termmating in 
rhombic pyramids. Its crystals (sp. gr. 1*93) do not contain water, but 
their cavities generally contain a certain quantity of the solution from 
which they have crystallised. For this reason in refining nitre, the 
production of larg^ crystals is prevented, saltpetre flour being prepared. 
At a low red heat (339°) nitre melts to a colourless liquid.''^ 
Potassium nitrate at the ordinary temperature and in a solid form is 
•inactive and stable, but at a high tenxperature it acts as a powerful 
oxidising agent, giving up a considerable amount of oxygen to substances 

w Before fusing,- the crystals of potassium nitrate change theit'form, and take the 
same form as sodium nitrate — that is, they change into rhomhohedra. Nitre* crystal- 
lises from hot solutions, and in general under the influence of a rise of temperature, in a 
different form from that given at the ordinary or lower temperatures. Fused nitre soKdi- 
fies 'to a radiated crystalline mass; but it does not exhibit this structure if metallio 
chlorides be present, so that this method may^^be taken advantage of to determine the 
degree of purity of nitre. 

CameUey arid Thomson (1888) determined the fusing point of mixtures of potassium 
and sodium nitrates. Tire first gait fuses at 889° and the second at 816°, and if p be 
the percentage amount of potassium nitrate, then the results obtained were — 

j5~10 20 80 40 60 60 70 80 90 

298° 283° 268° : 242° 23i° 231° 242° 284° 306° 

which confirms Shaffgotsch’ 8 observation (1857) that the lowest fusing point (about 231°) 
is given by mixing molecular quantities (j7=54*8) of the salts — that is, in the formation 
of the aUoy, KNOsjNaNOj. 

A somewhat similar result was discovered by the same observers for the solubility of 
mixtures of these salts at 20° in 100 parts of water. Thus, if p be the weight of potas- 
sium nitrate mixed with -100—^ parts' by weight of sodium nitrate taken for solution. 
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tuixed with itJ^ When thrown on to incandescent charcoal it brings 
about its rapid combustion, and a mechanical mixture of powdered 
charcoal and nitre ignites when brought into contact with a red-hot 
substance, and continues to bum by itself. In this action, nitrogen 
is evolved, and the oxygen oxidises the charcoal, in consequence of 
which potassium carbonate and carbonic anhydride are formed : 
4:KK03 +50 = 2KaC03 + SCOg + 21^2. This phenomenon depends on 
the feict that oxygen in combining with carbon evolves more heat than 
it dcfes in combining with nitrogen. Hence, when once the combustion 
has been started at the expense of the nitre, it is able to go on without 
requiring the aid of external heat. A similar oxidation or combustion at 
the expense of the contained oxygen takes place when nitre is heated 
with -different combustible substances If a mixture of sulphur and 
nitre be thrown upon a red-hot surface, the sulphur bums, forming 
potassium sulphate and sulphurous anhydride. In this case, also, the 
nitrogen of the nitre is evolved as gas • 2KITO3+2S = KQSO4+N3 
+SO2. A similar phenomenon -occurs when nitre is heated with 
many metals. The oxidation of those metals which are able to form 
acid oxides with an excess of oxygen is especially remarkable. In 
this case they remain in combination with potassium oxide as potassium 
Salts. Manganese, antimony, .arsenic, iron, chromium, (See. are in- 
stances of this. kind. These elements, like carbon and sulphur, displace 
feee intFOgen. 'The lower oxides of these metals when fused with nitre 
pass into ihe .higher oxides. Organic substances are also oxidised 
whm. heated with nitre — that is, they burn at the expense of the nitre. 
It will be readily understood from this that nitre is frequently used m 
pfactical chemistry and the arts as an oxidising agent at high temper- 

and c te the <ju«jitity of the xmxed salts which dissolves in 100, the solubility of sodium 
mferate being 85, and of potassium nitrate 84, parts in 100 ports of water, then-^ 

J7*: 10 20 80 40 60 60 70 80 00 

c*110 186 186 188 108 81 78 84 41 

TnaxhTy i rm solubility proved not to correspond with the most fusfbl |9 mfxturei hut 
to <me much licther in sodium nitrate. 

B(3ffihiihese i^heiMnnena show that in homogeneous liquid mixtures the forces 

between S(d>8taine6s are t3ie same as those that determine the molecular weights 
of substam^s, even when the mixture consists of such analogous .suhstanoes as potas- 
^mn sodinm nitrates, between which there is no direct ohemioal interchange. It is 
tnstru^ve to note also that the ma xi mu m solubility does not Correspond with the mM- 
mum fiming point, which naturally depends on the fact that in solution a third substanoe, 
namely. Water, ^ays a. part, although an attraction between the salts, like tWt which 
^dsts h^e«i sodium and potassium carbonates (Note 8), also partially acts. 

^ Erased nitre, with a fmrther rise of temperature, disengages oxygen and then nitre* 
gesa mtoite KNOj* is fest fonned and th^ p^ssium oxide. The admixture oi 
fo® exam^e, of fiimly-divided eoppQr-.-aidB the hust decq TO pcfi itio g hr The 
in disease nsteally passes over to the metah 
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atures. Its application in gunpowder is based on this property ; gun- 
powder consists of a mechanical mixture of finely-ground sulphur, nitre, 
and charcoal. The relative proportion of these substances varies accord- 
ing to the destination of the powder and to the kind of charcoal employed 
(a friable, inoompletely-burnt charcoal, containing therefore hydrogen 
and oxygen, is employed). Gases are formed in its combustion, chiefly 
nitrogen and carbonic anhydride, which create a considerable pressure 
if their escape be in any way impeded. This action of gunpowder 
maybe expressed bythe equation : 20r O 3 + 30 -h S = K^S - 4 - 3 CO 2 + N 2 . 

It is found by this equation that gunpowder should contain thirty- 
six parts of charcoal (13-3 p.o.), and thirty- two parts (1T9 p.c.) of sul- 
phur, to 202 parts (74 '8 p.c.) of nitre, which is very near to its actual 
composition.^® 

In Ohiiia, whciro tlio manufaofcuro of gunpowder has long boon carriod on, 76’7 parts 
of nitre, 14'4 of ohoxooiU, and 9’9 of Bulplmr aro naod. Ordinary powder for eporting 
purpoaoB oontaina 80 parts of nitro, 12 of oUarooal, and 8 of sulphur, whilst the gunpowder 
Uiod in heavy ordnance contains 76 of nitre, 15 of charcoal, and 10 of sulphur Gun- 
powder explodes when liaated to 800®, when stmok, or by contact with a spark. A 
eempaot or finely-divided »mas of gunpowder boms slowly and has but little disruptive 
s^tlan, beoftusi It bums gradually. To act properly the gunpowder must have a definite 
rate of oomhustlon, so that the pressure ifiiould increase during the passage of the 
projeotll© along the barrel of the fire-ann. This is done by making the powder In largo 
granules or in the sliape of eix-sldod prisms with holes through them (prismatic 
powder). 

Tlu) products of oombustion are of two kinds • (1) gases which produce tho pressure 
and are the cause of tho dyuanxioal action of gunpowder, and (2) a solid residue, 
usually of a block colour owing to its containing unburnt particles of charcoal. Besides 
ohwro^, ^ resldae generally contains |)otassium sulidiide, KaS, and a whole series of 
otter iidti— for Initanee, cwbohate and sulphate. It is apparent from this that the 
eodbttrttoo of ganpowder is not so simple as It appears to be from the above formula, and 
hmam tte weight of tte residue is also greater than indioatea by that formula. According 
to ttf fonaulft, 270 parts of gunpowder give 110 parts of residue — that is, 100 parts of 
powder give 87*4 porta of residu<H K^S, whilst in reality the weight' of the residue varies 
from 40 p.o. to 70 p.c. (generally 52 p.o.). This difierenbo depends on the fact that so 
mueh oxygen (of the nitre) rtumiins in the residue, and it is evident that if the residue 
varies the eom|KiBition of the gases evolved by the powder will vary ^so, and therefore 
’the entire process will be difionmt In difioront oases. Tho difieronoe in the composition 
of tho gttw's and residue depends, as the rt)Soarohos of Gay-Lussao, Shiohkofi and Bun- 
ion, Nobel and Abel, l^ederoff, Debus, &o,, show, on the conditions under which the 
eombttstion of the powder prooeeds. When gunpowder burns in an open space, the 
gasiioui producsts which are formed do m>t remain in contact with Gio rosidue, tind then 
a eontidirttble portion of the charcoal entering into tto composition of tho powder 
r#malni unburnt, beeanse the charcoal bums after tt© sulphur at tho expense of the 
o«yf«a of tt» nitre. In this extreme ease the commencement of the combustion of the 
gunpowder maybe expresied by the equation, 2KN0g+80+B«20 + K2S04-hC0a+N3. 
Thi residue In a blank cartridge often consists of a mixture of 0, KaSOi, KaOOa, and 
K#tO|. If tto combustion of tlm gunpowder be impeded— -if it take place in a cartridge 
In ils# IWOTilef a gun— Urn qusuitity of potassium sulphate win first he diminished, then 
tti ittOttlit of fttlphltfl, whilst the amount of oarbonic anhydride in the gases and the 
»oml Ot poteitlum sulphide in the residue will increase. The quantity of charcoal 
wtirifif latt the aetiw will then be also Inereased, and hence the amount in tho residue 
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hydrogen = 1 ). This shows that the molecule of potassium (like that 
of sodium, mercury, and zinc) contains but one atom. This also the 
case with nuiny other metals, judging by recent researchefi,^^ The 
epooifio gravity of potassium at 15® is 0*87, and is therefore less than 
that of sodium, as is also the case with all its compounds.^o Potassium 
decomposes water with great ease at the ordinary temperature, evolving 
45,000 heat units per atomic weight in grams. The heat evolved is 
sufficient to inflame the hydrogen, the flame being coloured violet from 
the presence of particles of potassium. 

With regard to the relation of potassium to hydrogen and oxygen» 
it m closely analogous to sodium in this respect. Thus, with hydrogen 
it forms potassium hydride, KaH (between 200® and 411°), and with 
oxygon it gives a suboxide K^O, oxide KgO, and peroxide, only more 
oxygon enters into the composition of the latter than in sodium per- 
oxide ; potassium peroxide contains ElOg, but it is probable that in the 
combustion of potassium an oxide KO is also formed, Potassium, 
like sodium, is soluble in mercury.®® In a word, the relation between 
sodium and potassium is as close as that between chlorine and hromine; 
or, better still, between .fluorine and chlorine, as the atomic Weight of 


w The molTOulea of non-motdi axo moyo oomplox— for iastonoe, Ha, Og, Ola, &o. But 
orsonie, w}h)ho luporfloial appoamneo jreoaBs ttiat of motala, but whos© obomical propei> 
tit@ approjvdi xuoro woarly to thb uon-motala, ha® a complex moloculo ooutaming A 04 . 

Ai tlu) atoxuio weight ol potaBiium h greater than that of sodimh, the volumes 
of the' moleoulos, or the quotieiiti of the moleoular weight by the specifio gratityi for 
compounds ore greater than those of sodium compounds, because both the 
donominiite m& numtrstor of the ihootion inoroaso. Wo die for oompoxison the volumea 
of tho oomspoadlng oompotmds— 

Na 24 NallOlB HaOl 28 NsI«rOa 87 NasS04 81 
K 40 KUO 27 KOI 89 KNOg 48 ^3804 60 

Tim swne precautions must bo taken in decomposing water by potassium as have 
to bo cjbsorvcd with sodium (Chapter II., Not© 8 ). 

It must be obiorvod that potassium 'decomposes oarbouio anhydride and oorbonlo 
osido whmi heattwl, tlm carbon being liberated and the oxygen taken up by the metal, 
whilst on the other htwid diarcool takes up oxygen from potassium, a® is seen from tho 
preparation of potassium by heating potaii with charcoal, henoo the reaction XiU+O 
«• Kf+OO it rovertibk and tho relation U the same in this oae© os betw^ hydrogexi 
ikud »lno. 

forms aMoy$ with $odium in all proportions. The oUoya containing X and 
$ equivalents of jxotassium to one equivalent of sodium are liquids, like mercury at tho 
ordinary temperature, Joannis, by determiniag the amount of heat developed by these 
AUoys in dioomposhig water, found tho evolution for No^, NoK, NoH^ and NaKg to be 
44’0, U% 48‘8 «d 44’4 thousand Imat mdts respectively (for Na 42'0 and for K 46*4). 
The fomsWon of the alloy NaK® is therefore ocoompomed by the development of heat,, 
whflst flbii o&«p alloys may b® regarded os solutions of potassium or sodium in thi® oUoyi 
La any os-ftf a foil df the temperature of fusion is evident in this instonee as in the all<yii 
of ttitr© (Note ll>- The liquid alloy NaKg is now used for filling tlxennometeys employid 
lor tempemturts above 860®, when mercury boils. 

*12 
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For convenience in carrying on this kind of testing, itpeciroscopeik 
(fig. 72) are constructed,^^ consisting of a refracting prism and three 
tubes placed in the plane of the refracting angle of the prism. One 
of the tubes, C, has a vertical slit at the end, giving access to the light 
to be tested, which then passes into the tube (collimator), containing a 
lens which gives the rays a parallel direction. The rays of light having 
passed through the slit, and havingbecomeparallel, are refracted and dis- 
persed in the prism, and the spectrum formed is observed through the 


eye-pieoe of the other tele- 
scope B. The third tube 
D contains a horizontal 
transparent scale (at the 
outer end) which is 
divided into equal divi- 
sion&. The light from a 
source such, as a gas 
burner or candle placed 
before this tube, passes 
through the scale, and 
is reflected on that face 
of the prism which stands 
before the telescope B, 
so that the image of 
the scale is seen through 
this telescope simul- 
taneously with the spec- 
trum given by the rays 
passing through the 
slit of the tube C. In 



Fio, 72.— -Speotarosoope. The priamaud table areooverod wltb 
aja opaque cover. The spectrum obtainod from the flame 
coloured by a substance introduced on the wire is viewed 
through B. A light Is placed before the scale ID in order 
to illuminate the imago of the scale reflected through B 
by the side of the prism. 


this manner the image of the scale and' the spectrum given by the* 
source of light under investigation are seen simultaneously. If the 


*5 For accurate measurements and comparative researches more camplicatcd spec- 
troscopes are required which give a greater dispersion, and are furnished for this 
purpose with several prisms—for example, in Browning’s spectroscope the light passes 
through six prisms, and then, hoidng undergone an internal total reflection, passes 
toough the upper portion of the some six prisms, and again by an internal total refloe- 
iion passes into the ocular tube. With such a powerful dispersion the relative position 
of the spectral lines may be determined with accuracy. For tho absolute and exact 
d^nmnation ot the wave lengths it is particularly important that the speotrosoopo 
be funushed with diflEraotion gratings. The construction of speotrosoopea doa- 
tined tax special pmposes (for example, for investigating the light of stars, or for doter- 
the absorption spectra in microscopio preparations, &o.) is exceedingly varied. 
Petails of the subject must be looked for in works bn physics and on spectrum analysis, 
^ong ^e latter the best known for their completeness and( merit ore thosa of Boseos, 
^ayser, Vogel, and Lecoq de Boisbaudran. 
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'observed in the central portions of the scale. If a mixture of sodium 
and potassium salts be now introduced into the flame, three line® 
will be seen simulteneously— namely, the red and pale violet lines of 
potassium and the yellow line of sodium. In this manner it is possible, 
by the aid of the speotrosoope, to determine the relation between the 
spectra of metals and known portions of the solar spectrum. The con- 
tinuity of the latter is interrupted by dark lines (that is, by an absence 
of light of a definite index of refraction), termed the Fraunhofer lines 
of the solar spectrum. It ha® been shown by careful observations (by 
Fraunhofer, Brewster, Foucault, Angstrdm, Kirchhoff, Oornu, Lockyer, 
Dewar, and others) that there exists an exact ogTmrmnt between the 
6pectm of certain metals and certain of the Fraunhofer lines. Thus the 
bright yellow sodium line exactly corresponds with the dark Fraun- 
hofer line D of the solar spectrum. A similar agreement is observed 
in the ease of many other metals. This is not an approximate or chance 
correlation. In fact, if a spectroscope having a large number of re- 
fracting prisms and a high magnifying power be used, it is seen 
that til© dark line D of the solar spectrum consists of an entire system 
of closely adyaoent but definitely situated fine and wide (sharp, distinct) 
dark linc^,^ and an exactly similar group of bright lines is obtained 
when the yellow sodium line is examined through the same apparatus, 
so that each bright sodium line exactly corresponds with a dark .lino in 
the solar spectrum.^® This conformity of the bright lines formed by 
sodium with the dark lines of the solar spectrum cannot bo accidental, 
TTiis conclusion is further confirmed by th© fact that the bright lines 
of other metals correspond with dark lines of th© sokr spectrum. 
Thus, for example, a series of sparks pasdng between thei^n electrodes 
of a EuhmkorfiT coil gives 450 very distinct lines characterising this 
metal All those 450 bright lines, constituting the whole spectrum Corre- 
sponding with iron, are repeated, as Kirchhoff showed, in the solar 
spectrum os dark Fraunhofer lines which occur in exactly the same situa- 
tions as th© bright lines in the iron spectrum, just as the sodium lines 
correspond with the band D in the solar spectrum. Many observers 
have in this manner studied the solar spectrum and the spectra of 
different metak simultaneouily, and discovered in the former lines which 

Th® Jswo moife dUtIneli Un©i of D, or of sodium, havo wavo-longths of 089'5ft»d 58$*d- 
milllouthi of « mlUimokr, btiikhm which fainter and feiuter line© ore mm whose wave- 
lengths in millionths of a millimeter w® 5887 imd 5881,6X6*0 and 615*4, 515«5 and 610*®. 
^*8 and 408 * 8 , & o ., aooowling to X4v®lng and Dewar. 

^ la Of^Mry sptetroBeopts whteh are utually employed in ohemioal resewroh, 
one y^Obw bnad, which, does not split up Into thinner lines, is seen instead of th© System 
d sodium lines, owing to the tmiJil dispiarsiv© power of the prism and th© width of thf 
8lit of th© ohfeet tube. 
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spectrum in the form of Fraunhofer lines may be obtained, as will be 
e.\plaincd directly In order to clearly understand the phenomenon of 


tho ordinary laboratory spootrosoopoa 
with on© prism, ©von with all poasibl© 
prooiiion of arrangoment and with a 
brillianoy of light permitting the 
obaorvations being mode with a very 
narrow aperture, tho Imes whoao wavo« 
lengths only dwKer by millionths 
of a miUimotre, are bluinred together ; 
and with a wide aperture a series of 
lines differing by even as much as 
W mUHontha of a millimetre apiiear 
as on© wide line. With a faint light 
(that i», with a siioall quantity of 
light ©ntoring into the spootroscopo) 
only tho most hrilliant lines arc 
clearly viHilde. Th© length of tho 
linen doen not always correspond 
witli their brillianoy. Aooonling to 
Ijookyer this length is determined 
by placing the carbon electrodes 
(l>etweon which the incandescent 
vapours of the metals are formed), 
not horiaontally to the slit (as they 
are generally placed, to give more 
light), but vertically to it. Then 
oerttbin lines appear long and others 
short. As a ^© (Lockyer, Dewar, 
Cornu), the longest lines are those 
witbi which it is eaidest to obtain 
rmm*s$d spectra (m later). Conse* 
quietly, these lines are the most 
ehwraoteriitio. Only the longest and 
most brilliant ar© given in our table, 
which is composed on the basis of 
a ©ollection of the data at our dis- 
IMJBal for bright spectra of tho in- 
candmemt and rarefied vapoure of 
the elommiti. As the spectra ohango 
with great variations of temperature 
and va|K>ur density (the faint lines 
l^ioome brilliant whilst the bright 
linet iometimes disappear), which is 
partieuhirly clear from Ciamioian’e 
ini®€iarch§i on the halogens, until 
th© method of obiervation and the 
theory of the subject are enlarged, 
liortleukr thooritical importano© 
ihoulcl noth# given to the wavedengths 
fthowiuf tho maximum brillianoy, 
which only pofttss a practical 
tlgnifiosjaoe In the common meUrods 
of ipootrosoopic obierratlons. In 
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linei may be ascribed to the absorption of certain rays of b*ght in its 
passage from tlm luminous mass of the sun to the eArth. The remart:- 
ablo progress made in all epeotroscopio research dates from the in- 
vestigations made by £wchhqff‘(lB59)on the relation lietween absorption 
spectra and the spectra of luminoui^ incandescent gasea It hjid already 
been observed long Wore (by Fraunhofer, Foucault, Angstrdm) that 
the bright spectrum of the sodium flame gives two bright lines which 
are in exactly the same position as two black lines known as D in 
the solar spectrum, which evidently belong to an absorption spectrum. 
When Kirohhoff caused diffused shnlight to fall upon the slit of a 
spectroscope, and placed a sodium flame before it, a perfect super- 
position was observed — the bright sodium lines completely covered 
the black lines D of the solar spectrum. When further the continuous 
spectrum of a Drummond light showed the black lino D on placing 
a erxlium flame between it and the slit of tlie spectroscope-— that 
is, when the Fraunhofer line of the solar spectrum was artificially pro- 
•duoed”— then there was no doubt that its appearance in the solar spectrum 
was due to the light |>aifiing aomewhei^e through incandescent vapours 
of sodium. Henoe a new theoiy of reversed arose—that is, 


obromatio pliokrgmpby, tha spwtmof blood, ohloropbyU (fch© groen oonitituontof leaves), 
and iiiuilar substanooft, all th© mor® eawjfully as by the aid of tluiir spectra tho 
c>f thiiio Bubiitarioos may bo 'dltoovorod in small qnantitioB (oven in microiioopioal 
quantiticM, by Ui© aid of sp#0iiii applknoos on tlio microsmqKi), and th© cbangoi tlioy 
uiidirgo invMiigatod. 

Tb® aljsoupUott sjpeoim, obkinbd at tbo ordinaiy fcomporaturo and proper to 
sabslanods In all pbytloid itatci, off#r a most axtwiilvd but A® yat UtUi itudiod Sold, both 



lot tb« ftniral tbaoiy of «|>bobfOMopy, and for g^ntog an insight into thi strnotuf® of 
iubstan^ TI10 invastlgation of colouring mattori has already sliown that in oartaiu 
OSMS a dafinito <diango of oom|K)siUon md struotart ontaili not only a dafinlt# 
>of ffM coloum but also a displaobmtnt of tlm absorption bands by a diSnil# 
^ wav«4«Eigtos. 

A number of matoods havt l^ooii inviotod to domonilrat® tht rovorsIbiUty of 
amoBf th«#t m«th.odi w© will clto two which art v#ry aatily carrioil oni 1 » 
Bumiow’f m^»d iodlom dblorfd# to pal into an appamlM for avolvlng hydr^^a 
&ptmr 0t ^ Silt Is than oimifa ^ by th® hydr^oa wd odomet ^ with the 
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Imagine that the sun, owing to the high temperature which is proper to it» 
emits a brilliant light which gives a continuous spectrum, and that this 
light, before reaching our eyes, passes through a space full of the vapours 
of different metals and their compounds. As the earth^s atmosphere 
contains very little, or no, metallic vapours, and as they cannot be sup» 
posed to exist in the celestial space, the only place in which 
the existence of such vapours can be admitted is in the atmosphere 
surrounding the mm xtself* Ajs the cause of the sun’s luminosity mu^t 
be looked for in its high temperature, the existence of an atmosphere 
containing metallic vapours is readily understood, because at that 
high temperature such metals as sodium, and even iron, are sepa- 
rated from their compounds and converted into vapour. The sun must 
be imagined as surrounded by an atmosphere of incandescent vaporous 
and gaseous matter,®^ including those elements whose reversed spectra 
correspond with the Fraunhofer lines — namely, sodium, iron, hydrogen, 
lithium, calcium, magnesium, &c. Thus in spectrum analysis we find 
a means of determining .the composition of the inaccessible heavenly 
luminaries, and much has been done in this respect since KirohhofTs 
theory was formulated. By observations on the spectra of many 
heavenly bodies, changes have been discovered going on in them,®^ and 

Brewster, as is mentioned above, first diatingnislied the atmospherio, cosmioal 
Praunhofer lines from the solar lines. Janssen show'ed that the spectrum of the atmo- 
sphere contains lines which depend on the absorption produced by aqueous vapour. 
EgoxeBf Olszewski, Janssen, and Liveing and Dewar showed by a series of experiments 
that the oxygen of the atmosphere gives rise to certain lines of the solar spootrum, 
especially the line A. Xiiveing and Dewar took a layer of 165 o.m. of oxygen compressed 
under a, pressure of 86 atmospheres, and determined its absorption spectrum, and found 
that, besides the Fraunhofer lines A and B, it contained the following groups : 080-622, 
681-668, 685, 480-476. The same lines were found for liquid oxygen. 

S 3 bis If f;ii 0 naaterial of the- whole heavenly space formed the absorbent medium, the 
spectra of the stars would be the same as the solar spectrum ; but Huyghens, Lookyer, 
and others showed not only that this is the case for only a few stars, but that the 
majority of stars give spectra of a different character with dork and bright lines and 
bands. 

55 Eruptions, like our volcanic eruptions, but on an incomparably larger soalo, arc of 
frequent occurrence on the sun. They ore seen as protuberanoes visible during a total 
eclipse of the sun, in the form of vaporous masses on the edge of the solar disc and 
emitting a faint light. These protuberancea of the sun are now observed aA all times by 
means of the .spectroscope (Lockyer’s method), because they odbtoin luminous vapours 
(giving bright lihes) of hydrogen and other elements. 

^ The great interest and vastness of astro-physical observations oonoeming the sun, 
comets, stars, nebulee, &c., render this new province of natural science very important, 
and necessitate referring the reader to special works on tbe subject. 

The most important astro-physical data since the time of KeUner are those referring 
to 1 ^ Mvplaoemmt of the lines of the spectrum. Just as a musical note changes its 
pitch with the approach or withdrawal of the resonant object or the ear, so the pitch d 
the luminous note or wave-length of the light varies if the luminous (or absorbent) vapour 
and the earth from which we observe it approach or recede from each other ; thie 
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eommon salt he intrcniuced into tlie flame of a gafi-bumer, a portion of 
it is decomposed, first forming, in all probability, with water, hydro- 
chloric acid and sodium hydroxide, and the latter then becoming partially 
decomposed by the hydrocarbons, giving metallic sodium, whose incan- 
descmit vapour emits light of a definite refrangibility. This conclusion 
is arrived at frmn the following experiment : — If hydrochloric acid gas 
be intro(jtt<^ bato a flame coloured by sodium it is observed that the 
sodimn spectrum disappears, owing to the fact that metallic sodium 
cannot remain in the flame in the presence of an excess of hydrochlono 
acid.' The same thing takes place on the addition of sal-ammoniac, 
which in the heat of the flame gives hydrochloric acid. If a porcelain 
lube containing sodium chloride (or sodium hydroxide or carbonate), and 
dosed at both ends by glass plates, be so powerfully heated that the 
Salt volatilises, then the sodium spectrum is not observable ; but if the 



Fju. t5.— Bright spectra of copper compouuds. 


salt* be replaced by sodium, then either the bright line or the absorp- 
tion spectra is obtained, according to whether the light emitted hy the 
incandescent Vapour be observed, or light passing through the 
tube. QDhus the above. spectrum is not* given by sodium chloride or 
Other sodium compound, but is proper to the metal sodium itself. This 
is also the case with other analogous metals. The chlorides and other 
halog^ eo^potmda of barium, calcium, copper, &o., give independent 
^eotra which differ from those of the metals. If barium ddoiide bo 
introduced into a flame, it gives a mixed spectrum belonging to metalllo 
b^um and barixitn chloride. If besides barium chloride, hydroohlorio 
’acid or sdl-ammoniac be introduced into the flame, then the spectrum 
of the metal disappears, and that of the chloride remains, whi<^ difi^rs 
distinctly from the fipectrum of barium fluoride, barium brmnidoi or 
blltupi iodide. 'A dertain common resemblance and certain oommoii 
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no reason for supposing that the spectrum of a compound is equal to 
the sum of the spectra of its elements-^that is, every co^npou^ which 
is not decomposed by heat Aas its owti proper spectrum. This is best 
proved by absorption spectra, which are essentially only re^rsed spectra 
observed at low temperatures. If every salt of sodium, lithium, and 
potassium gives one and the same spectrum, this must be ascribed 
to the presence in the flame of the free metals liberated by the 
decomposition of their salts. Therefore the phenomertct o/* the spectrum 
determined hy molecules^ und not hy (ttoms — ^that is, the molecules 
dt the metal sodium, and not its atoms, produce those particular 
vibrations which determine the spectrum of a sodium salt* Where 
there is no free metallic sodium there is no sodium spectrum. 

Spectrum analysis has not only endowed science with a knowledge 
of the composition of - distant heavenly bodies (of the sun, stars, 
nebula, comets, dsc.), but has also given a new method for study- 
ing the matter of the earth's surface. With its help Bunsen discovered 
two new elements belonging to the group of the alkali metals, and 
thallium, indium, and gallium were afterwards discovered by the same 
means. The spectroscope is employed In the study of rare metals 
(which in solution often give distinct absorption spectra), of dyes, 
and of many organic substances, &c.^^ With respect to the metals 
which are analogous to sodium, they all give similar very volatile 

th.eir ligM may be esiamined by .placing the apparatus in front of the slit of a spectro- 
scope. The variations to which spectrum is liable may easily be observed by increasing 
the distance between fdie wires, altering the direction of the current or strength of the 
fiolutdon, 

The importance of the speotrosoope for the purpose of chemical reseilrch was 
already shown by Gladstone in 1856, but it did not become an accessory to the laboratory 
Tynt.il after the discoveries of KirchhofiE and Bunsen. It may be hoped that in time 
spectroscopic researches will meet certain wants of the tlieoretical (philosophical) 
side of chemistry, but as yet all that has been done in this respect can only be regarded 
*8 attempts which have not yet led to any trustworthy conclusions. Thus many investi- 
gators, by coUatingthe wave-lengths of all the light vibrations excited by a given element, 
endeavour to find the law governing their mutual relations ; others (especially Hartley 
and Ciamician), by comparing the spectra of analogous elements (for instance, chlorine, 
hromine, and iodine), have succeeded in noticing definite features of reseinblanco in 
them, whilst others (Griinwald) search for relations between the spectra of compounds 
and their component dements, &c. ; but — owing to the multiplicity of the spectrd lines 
pm>per to many elements, and (especially in the ultra-red and ultra-violet ends of the 
.epeoferum) the existence of lines which are undistinguishable owing to their faiatness, 
and also owing to the comparative novelty of spectroscopic research — this subject cannot 
be considered as in any way perfected. hTeverthelesa, in certain instances there is 
evidently some relationship between the wave-lengths of all the spectral lines formed by 
a given element. Thus, in the hydrogen spectrum the wave-length = 864*642 m?/(»n*-4}, 
if m varies as a series of whole numbers from 8 to 16 (Walmer, Hagebach, and others). 
For example, when the wave-length of one of the brightest lines of the hydrogen 
spectrum is obtained (666*2), when w»7,one of the visible violet lines (896*8), and when 
m is greater than 9t ultra-violet lines of the hydrogen spectrum. 
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fmd potassium ; but the carboTiaie is sparingly soluble in cold water, 
which fact is taken advantage of for separating lithium from potassium 
and sodium. This salt, Li 2 C 05 , is easily converted into the other 
compounds of lithium. Thus, for instance, the lithium hydroxide, 
LiHO, is obtained in exactly the same way as caustic soda, by the 
action of lime on the carbonate, and. it is soluble in water and 
ciystallises (from its solution in alcohol) as LiH 0 ,H 20 . Metallic 
lUhixmi is obtained by the action of a galvanic current on fused 
litMum chloride ; for this purpose a cast-iron crucible, furnished 
with a stout cover, is filled with lithium chloride, heated until the 
latter fuses, and a strong galvanic current is then passed through the 
molten mass. The positive pole (fig. 77) 
consists of a dense carbon rod C (sur- 
rounded by a porcelain tube P fixed in an 
iron tube BB), and the negative pole of 
an iron wire, on which the metal is 
deposited after the current has passed 
through the molten mass for a certain 
length of time. Chlorine is evolved at the 
positive pole. When a somewhat consider- 
able quantity of the metal has accumulated 
on the wire it is withdrawn, the metal is 
collected from it, and the experiment is 
then carried on as before.®^ Lithium is the lightest, of all metals, its 
specific gravity is 0’69, owing to which it floats even on naphtha ; it 
melts at 180®, but does not volatilise at a red heat. Its appearance 
recalls that of sodium, and, like it, it has a yellow tint. At 200® 
it bums in air with a very bright flame, forming lithium oxide. In 
decompofing water it does not ignite the hydrogen. The characteristac 
test for Hthium compounds is the red coloraXion which they impart to 
a colourless flame.^® 

Bunsen in 1860 tried to determine by means of the spectroscope 

G-ttoita (1898) recommends adding KCl to the LiOl in preparing Ll by this 
method, and to act with a current of 10 amperes at 20 volts, and not to heat above 460®, 
so as to avoid the formation of Li^Cl. 

^ In determining the presence of Hthinm in a given compound, it is best to treat the 
material under investigation with acid (in the case of mineral silicon compounds hydro- 
fluoric acid must be taken), and to treat the residne with sulphurio acid, evaporate to 
dryness, and extract with alcohol, which dissolves a certain amount of the lithium 
^phata. It is easy to discover lithium in such an alcoholic solution by means of the 
coloration hflparbed to the flame on burning it, and in case of doubt by tovestigating its 
Hght in a spectroscope, because lithium gives a red line, which is very oharaoteristio and 
is found as a dark line ha the solar speotium. Lithium was first discovered in 1817 in 
petoUte by Arfvedson. 
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\«^hethei* any other as yet unknown metals might not oocur’ in different 
natural products together tv’ith lithium, potassium, and sodium, and he 
soon discovered two new alkali metals showing independent spectra. 
They are named' after the characteristic coloration which they impart to. 
the flame. One which gives a red and violet hand is named rubidium^ 
from ruhidius (dark red), and the other is called coisium, because it 
colours a pale flame sky blue, which depeiids on its containing bright, 
blue rays, which appear in the spectrum of caesium as two blue bands 
(table on p. 565). Both metals accompany sodium, potassium, and 
lithium, but in small quantities rubidium occurs in larger quantity 
than csesium. The amount of the. oxides of caesium and rubidium in 
lepidolite does not generally exceed one-half per cent. Rubidium has also 
been found in the ashes of many plants, while the Stassfurt carnallite 
(the mother-liquor obtained after having been treated for KCl) forms 
on abundant source for rubidium and also partly for caesium.^ 
Rubidium also occurs, although in very small quantities, in the majority 
of mineral waters. In a very few cases 'caesium is not accompanied by 
rubidium ; thus, in a certain |jranite on the Isle of Elba, caesium has 
been discovered, hut not rubidium. This granite contains a very rare 
mineral cailedpoUux, which contain^ as much a^€4 per cent, of caesium 
oxide. Guided by the spectroscope, and aided by the fact that the 
double salts of platinic chloride and rubidium and caesium chlorides 
are still less soluble in water than the corresponding potassium salt^ 
Bunsen succeeded in separating both metals from each 
other and from potassium, and demonstrated the great resemblance 

The salts of the majority of metals aro precipitated as carbonates on the addition 
of ^monium carbonate — for instance, the salts of calcium, iron, ^o. The alkalis whose 
carbonates are soluble are not, however, precipitated in this case. On evaporating the 
resultant solution and igniting the residue (to remove the ammonium salts), we obtain 
salts of the alkali metals. They may be separated by adding hydrochloric acid together 
with a solution of platinic chloride. The chlorides of lithium and sodium give easily soluble 
double salts with platinic chloride, whilst the chlorides of potassium, rubidium, and 
caesium form double salts which are sparingly soluble. A hundred parts of water at 
0° dissolve 0*74 part of the potassium platinochloride ; the corresponding rubidium 
platinochloride is only dissolved to the amount of 0*184 port, and the caesium salt, 
0*024 port ; at 100® 6*18 ports of potassium platinochloride, KaPtClg, are dissolved, 
0*6^4 part of rubidium platinochloride, and 0*177 part of ccesium platmoobloride. 
From this it is dear how the salts of rubidium and caesium may be isolated. The 
separation of caesium from rubidium by this method is vei^ tedious. It can be beibter 
effected by taking advantage of the difference of the solubility of their carbonates in 
alcohol; caesium carbonate, OsaCOjj, is soluble in alcohol, whilst the corresponding salts 
x>f rubidium and potassium are almost insoluble. Setterberg separated these metals as 
Ahims, but the best method, that given by Sohorples, is founded on the fact that from 
a> mixture of the chlorides of potassium, sodium, caesium, and rubidium in the pre- 
'bencC of hydrochloric odd, stannic chloride precipitates a double salt of caesium, which 
very sUghtly soluble. The salts of Bb and Cs are desely analogous to those of 
potassium. 
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thoy bear to each other. The isolated metals, rubidium and ooisium, 
have rcmpeotively the specific gravities 1*52 and 2-366. and melting 
|) 0 inte tir and 27® as N.N. Beketoff showed (1894), he having obtained 
by limting OsAlO^ with Mg ^*»). 

Judging by the propertiea o! the free metals, and of their corro- 
»ponding and mm vary complex compounds, lithium, sodium, potas- 
tium, rubidium, and cwiium present an indubitable cdiomical resom- 
bknc©. The fact that the metals easily decompose water, and that their 

^ Bmmn ©bWaM mbiamm by diitming a mlsUre of fcbo tartrate with soot, and 
Ookttei (1881) by boating tb© bydroxido wi th aluminium, SRbHO Al » Rb AlO^ + Hg 4- Bb. 

tb« aotion of 88 grami of rubidium on watw, 04,000 boat units aro ovolvod. Sotterborg 
obkinod <msium (im%) by tbo oketmly®is of a fnaod mixture of cyanide of emsium and 
of barium. Winklei!' (1800) tbowiid that motalllo magnegium reduoos tbo hydratos and 
jmrljonates of Bb and C« like th© other alkaline motali. N. N. Bokotof! obtained thorn 
wlUi aluminium {mm following not©), 

^ Bek© toff (1H8H) ihewtid that motalUo edumininm reduces the hydratos of tho 
alkalino miiUls at a rod boat (they ihould b© perfeotly dry) with ilio formation of 
alumilialii (Cl»|iter XVIt), RAlOa— lor exampl®, aKH0 + Al«.KA10a4K + Ha. It is 
cvld«it that la mm only half of th# alkaline metal is obtained free. On the other 
lumd, JK. WlttWtar O18S0) ehowtd that mapiesium powder is also able to teduoe the 
idkalia® mM$ tmm Iheir hydmt#® and ^bonatea. N. N. Beketoff and Tsoherbacheff 
(1^4) prepwd wisium upon tWi principle by heating ^Sts aluminate CflidOa with 
mapiiilttm powdtr. In .Uiti eat# idumJnate of magnesium Is formed, and the whole of 
Ih# epiium Is obtatnod at metal : SOsAlOa + Mg - MgO Al^Og + SCs. A certain ©xocss of 
idumltm was taken (in ordiw to obtain a lest hygroscopic mass of aluminate), and 
maguoiilum p<»wtli« (in order to d«mompo»o the last traces of water) ; th© CsAlOa was 
prepariul by the precipitation of cawium .alums by caustic baryta, and evaporating tho 
feitiltanl solution. Wo may aibl that N. N. Bokotoff (18B7) pr<jparod oxide of potassium, 
3KiO, by himUng the peroxide, KO, in th# vapour of potassium (disengaged from its alloy 
with »ilf«h wtA ihowed that la diiidvlng in an «oo« of water it evolves (for tho above- 
glfw a^^ulsar wilghl) 07,400 mJWos (while tfCfatO to distolviag in water evolves 
titftSO ml. I io Hiat ^O+HfO flvfi 40,480 oal.), when## (knowing that Ea+O + HaO in 
m #»•#§ of water evolvti 104,000) it follows that Kt + 0 evolvei 07,100 cal. This quantity 
Ift »m«wliat l#ii than that (lOO.SW cal.) which oorrctpoads to sodium, cmd th© energy of 
tho aotlcm of i>c»taMium upon water Is explained by th© foot that EgO evolves more heat 
than HagO In wunbinlug wlUi water {sm Chapter IL Note 0). Just os hydrogen displaces 
ludf th# Ha from Na^C forming so also N. N. Beketoff found from experiment 

and thermo.chomioal reastmlngi that hydrogen-displaoes half the potassium from KaO, 
Iwnlng ItllO iwrd evolving 7,100 eidories. Oxide 6f lithium, IdaO, which is easily, 
tormtd by ifniling UiOOi witl* carbon (when ItifO + iCO Is formed), disengages 
MJM imls. with w «o§ss of water, while tlw, reaction Lia4>0 gives 114,000 cals, and 
Ih# r«*ollo« Ii| + HfO ^vti only 18,000 cals., and metallic lithium cannot be liberated 
from oiidt of li^dum with hydrogiu (nor with carbon). Thus in the series Li, No, K, 
^ loifmaitott of BgO gives most heat with 14 and least with K, wliil© the formation of 
Ea »Oi| heat with K (108,000 oals.) and least of oU with U (08,000 ooIb.}. 

Eubldlum, to forming EhaO, give# 04,000 cols, (Beketoff). Cieslum, in acting npon an 
#*##■!» ^ water, evolves 81,800 oak., and the reaction Osa + 0 evolves about 100,000 cals. 
— »«t lhi» K and Eb, and almoit a» mu^ m Na—and oxide of ceesium reacts 
wlft (aoomrdlaf to equatloa O%O + H«0iH0 + Cs) more easily than any 

df ttw ol aUmli and this reaction takes place at to# or^ary tem- 

pmutetft (to# hytohgon It absorb^), as Bektioff ®howed (1803). He also obtained a 
mixed AgOaO, whidh woe easily temed to Ih# preseno# of silver, and absorbed 
liydxopn wito toe toiemalicm of CWEO. 
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hydroxides fiHO and carbonates B2CJO.3 are soluble in water, whilst the 
hydroxides and carbonates of nearly all other metals are insoluble, shows 
that these metals form a natural group of alkali meidls. The halogens 
and the alkali metals form, by their character, the two extremes of the 
elements. Many of the other elements are metals approaching the 
alkali metals, both in their capacity of forming salts and in not forming 
acid compounds, but are not so energetic as the alkali metals, that is, 
they form less energetic bases. Such are the common metals, silver, 
iron, copper, <fec. Some other elements, in the character of their com- 
pounds, approach the halogens, and, like them, combine with hydrogen, 
but these compounds do not show the energetic property Uf the halogen 
acids ; in a free state they easily combine with metals, but they do not 
then form such saline compounds as the halogens do — in a word, the 
halogen properties are less sharply defined in them than in the halogens 
themselves. Sulphur, phosphorus, arsenic, &c. belong to this order 
of elements. The clearest distinction of the properties of the halogens 
and alkali metals is expressed in the fact that the former give acids 
and do not form bases, whil^ the latter, on the contrary, only give 
bases. The first are true aciil elements, the latter clearly-defined basic 
or metaUic elements. On combining together, the halogens form, in a 
chemical sense, unstable compounds, and the alkali metals alloys in 
which the character of the metals remains unaltered, just as in the 
compound ICl the character of the halogens remains undisguised ; thus 
both classes of elements on combining with members of their own class 
form non-characteristic compounds, which have the properties of their 
components. On the other hand, the halogens on combining with the 
alkali metals form compounds which are, in all respects, stable, and in 
which the original characters of the halogens and alkali metals have 
entirely disappeared. The formation of such compounds is accompanied 
by evolution of a large amount of heat, and by an entire- change of both 
the physical ^d chemical properties of the substances originally taken. 
'Em alloy of sodium and potassium, although liquid at the ordinary 
temperature, is perfectly metallic, like both its components. The 
compound of sodium and chlorine has neither the appearance nor the 
properties of the original elements ; sodium chloride melts at a higher 
temperature, and is more difficultly volatile, tlmn either sodium or 
<ffilorine. 

With all these qualitative differences there is, however, an important 
quantitative roseri^lance between the halc^&ns and the alkxili meteds* 
This- resemblance is clearly expressed by stating that both orders of 
ekments bdhmg to thc^ which are univalent with respect to hydrogen. 
It is thus correct to say that both the above-named <^ders of lele* 
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I replace hytlrogcn atom for atom. Ohlorind is able to take tb© 
<»£ hy<lr(»K<!iJ by u»f5ta!o|;mi% md tho alkali metals take the place 
Ircigen in water aiu! acids. As it is possible to consooutivoly r©- 
cjvtny of hydrogen in a hydrocarbon by chlorine, so it 

isibltj in an acki contiiining aoveml lapdvah^nto o£ hydrogen to 
Lie tho hydrogen oonsoowtively ©(j^uivalent after ocpiivalont by 
kali niotal ; henoo an atom of those ©laments is analogous to an 
of hydrogen^ which Is taken, in all cases, as the unit for tho 
itimn of the other ekments. In ammonia, and in water, chlorine 
xlinm are able to bring about a direct replacement. According 
0 law of substitution, tho formation of sodium chloride, NaOI, 
m ihowH the ot|ui valence of ih<^ atoms of the alkali metals and tho 
^rii. Tim halogcmg and hyekogen atid tho alkali metals combine 
mch ehmmnts m oxygtu^, and it is maily prov(3(l that in such com- 
la oiici atom of oxygen ii able to retain two aton'is of tlio halogens, 
irogen, and of tlm alkaU metali. For this purpoao it is enough to 
TO th© compouiidt KHO, iC|0, HCiO, and OlgO, with water. It 
not l>© forgotton, however, that the halogens give, with oxygen, 
M oompoundi of tho type EgO, higher acid grades of oxidation, 
til© alkali inctak and hydrogen ar© not capable of forming. Wo 
won ico timt thcHO relations are also subject to a special law, 
ng ft gradual iraniiition of tho properties of the elements from 
kali miitids to the habgomi.^^* 

i© fttomic weights of the alkali metals, lithium 7, sodium 23, 
dam rabWittm 85, and ©»lum 1S3, show that here, as in tho 
of halogaiw, tibt may h«. arranged according to their 

© weighto la ordor to oompar© the properties of the analogous 
mnds of the inombors of this group. Thus, for cxampl©, th© 
ochloridos of lithium and sodium are soluble in water ; those 

Vto nmy lumi iilj44srvo ihat tlw haJl«gi»nti, auU twpaolahy iotlino, may play the part 
\.h {hmum imU«» In more ©a»Uy replaowi by mitalu tima the ofcbor halogana, imU it 
ehn« mmrur l« lb« m«tak In itw physieal propifftien thai 4 tlm other halogoug). 
snh#tifiiy ebteitwit! a 0 ^|HaO{OCl), wWeh h© mlkd cUIoriuo aootato, by 

m WEihydrIUt, (Cblf50}.40, with eWorhift mtmojsido, (.U./). With iodine thia 
mtl iflven uft cihkirine and ft»rpi« icKilne wictato, CallaOlOI), which ako h formed 
ftollon «f Imhite ishhirltit on indium aeotale, C5}lIsO(ONa), Tlie&a compounds axe 
ly noWting fdw* than wkod anhydride of liyi>0ohloroui ami hyiM^iodous ocidi, or 
dtieii of fell# Mobitilutiott ol hydrogea In RHO by a halogen Chapter XI, 
and W bk). Booh ooTOpound* mm very unitablt, doeompow with an explosion 
ftalod, Mid mm cl|wigiitl by tho action of wakr and of many other ro&genti, wldoh 
QgwtftttM with tb« fact Itofe they contain ?iry olosoly allied olemonts, as does ClgO 
* Id » ENa, By 'th© aoilen of chlorine monoitde on a mixture of iodine and 
i©htltotnbii^«e fiko obtained th# ©ompouiKl liCgHgOgb, which is 
wm to lO'lg, bioatti# Ih© groop OtHsOf is, like 01 , a halogen, forming salts with* 
Mm ftmllar propsrfeioi ar® found in iodoicbfaisfne (Ohaptor XI., Note 70 ). 
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hydroxides fi-HO and carbonates soluble in water, whilst the 

hydroxides and carbonates of nearly all other metals are insoluble, shows 
that these metals form a natural group of alkali metals. The halogens 
and the alkali metals form, by their character, the two extremes of the 
elements. Many of the other elements are metals approaching the 
aikah metals, both in their capacity of forming salts and in not forming 
acid compounds, but are not so energetic as th.e alkali metals, that is, 
they form less energetic bases. Such are the common metals, silver, 
iron, copper, &c. Some other elements, in the character of their com- 
pounds, approach the halogens, and, like them, combine with hydrogen, 
but these compounds do not show the energetic property of the halogen 
acids ; in a free state they ^sily combine with metals, but they do not 
then form such saline compounds as the halogens do — in a word, the 
halogen properties are less sharply defined in them than in the halogens 
"yieiBsdves. Sulphur, phosphorus, arsenic, &c. belong to this order 
of elements. The clearest distinction of the properties of the halogens 
and alkali metals is expressed in the fact that the former give acids 
and do not form bases, whilst the latter, on the contrary, only give 
bases. The first are true ociE elements^ the latter clearly-defined haaic 
or metaUic elementa. On combining together, the halogens form, in a 
chemical sense, unstable compounds, and the alkali metals alloys in 
which the character of the metals remains unaltered, just as in the 
compound IG the character of the halogens remains undisguised ; thus 
both clasE^ of elements on combining with memhers of their own claas 
form non-characteristic compounds, which have the properties of their 
components. On the other hand, the halogens on combining with the 
alkali metals form compounds which are, in all respects, stable, and in 
which the original characters of the halogens and alkali metals have 
entirely disappeared. The formation of such compounds is accompanied 
by evolution of a lazge amount of heat, and by an entire- change of both 
the physical ^d chemical properties of the substances originally taken. 

alloy of sodium and potassium, although liquid at the ordinary 
temp^ature, is perfectly metallic, like both its components. The 
compound of sodium and chlorine has neither the appearance nor the 
properties of the original elements ; sodium chloride melts at a higher 
temperature, and is more difficultly volatile, thusm either sodium or 
chlorine. 

With all the^ qualitative differences there is, h,pwever, an important 
qu^titative rea&n^lance hettoeen the hahgem arhd the alkali metaU. 
TMs- resemblance is clearly expressed by stating that both orders of 
eteraits b^mg to tho^ which are univalent with respect to hydre^en. 
It is thus correct to say that both the above-named orders of elo- 
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monts replftCi^ liydrogc^u atom for atom. CblorinO is able to take tbe 
places of byclro|4on l)y iiietalepsis, and the alkali motak take the place 
ofhydrogc'o iu water and acids. As it is pOHsiblo to consecutively re- 
place ev(*ry tM|uivalent of hydrogen in a hydroc^arboii by chlorine, so it 
is possiblt} in an acid containing several ecjulvah'uts of hydrogen to 
replace the hydrogen oonsooutivoly <K|uivaleut after oipnvahmt by 
an alkali meiul ; hence an atom of thoso elamenta is analogous to an 
atom of hydrogen, which is taken, in all cases, as the unit for tho 
com|mrison of the other elements. In ammonia, and in water, chlorine 
•and iodiurn arc able to bring about a <limct replacement. According 
to tho law of subatitutiem, tho formation of sodium chloride, NaCI, 
at once shown tho tajuivalence of the atoinn of the alkali motals and tho 
halogens. The lialogens and hydrogen and tho alkali metals combine 
with such elemcmtH an oxyg<‘n., and it is easily provisl that in sucli com- 
pouuda on<5 atom of oxygen is able to retain two atoms of the halogens, 
of hydrogtnii, and of the alkali metals. For thk purpose it is cnougli to 
compare tho compound! KEO, KgO, HOiO, and OlaO, with water. It 
must not be forgotten, however, that the halogens give, with oxygen, 
Imides compounds of dhe typo E^O, higher acid grades of oxidation, 
which the alkali metak and hydrogen are not capable of forming. Wo 
slwdl soon see that these relations are also subject to a spcscial law, 
showing a gradual transition of the properties of the oloments from 
Em alkali imdak to the haloge.nB,^*'’ 

The atomic weights of the alkali motak, lithium 7, sodium 23, 
potMsIum 39, rubidium 85, and cssiium 133, show that hero, m in tho 
class of halogens, the dementi may be arranged according to their 
atomic weights in order to compare the properties of tho analogous 
com|>omuk of the members of this group. Thus, for example, the 
pkti nochlorides of lithium iwid sodium are soluble in water ; those 

rrmy Uuru <)lw(?rv(i tUiit th« luUogf'nH, aiul c^Hpoelally iodiitcs, may play tho pari; 
of motak (lujiu'.a h more tmuily rorUoixl l»y «i«tu.k than the oihcir halogenB, mul it 
approatihcM imawir t« th© metak in its phyaical proiMirtiim than tho other haloKaiiH). 
SohUfci«nhaj-g«r obtained a (jomponnd CgUftOCOCl), whiah ha cutlled chlnriuo acutato, by 
acting on msetio anbytlrido, (CbHsOLO, with chlorine monoxi<lti, CljO. With iodine tliia 
eonii|»ttnd f|lv«?K tdf ohlorino and iodimuwiotate, which ahio ia formed 

by tli«i Mtion of ituliun chloride on scKlium acetate, OsH|iC)((>Na). Tlumo compoimda are 
evidently iwUdiig eku than mixed anhydrides of hyi^ehloroui and hyiwiodons acids, or 
the nmlnoti of the suhititution of hydrogen in EHO by a habgfsn ' (wc Chapter XL, 
Ncikis 2D and 7« bl«). Huch compoands are very nnskble, dticompoiM) with an explosion 
whin heatiwi, and ar« tsharngccl by the action of water and of many ether reagents, which 
is in ntWKlancf with the fwt that they contain very olowdy allied elomonti, as does 01^0 
Itwlf, or ICl or KNo. By tho action of chlorine monoxide on a mixture of iodino tmd 
iiotlle anhydridt, Bohlitatnborger sdso obtained the compound ICOgH^Oalg, wldch is 
awalogomft lo !€%, btoaus# the group OaKjOa i», like Cl, a halogen, forming salts with- 
Ihh Similar proporties ore found k iodosebeawn® (Chapter XI., Not# 70), 
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of ao*! •■‘■•riiiHln, mii-l 11 *.; 

iho ftfoliiii- winglit tjf til*? ih*”’ Irm la iW «ll |fi 

riiHf'ji tlit^ riivf^r*!' w • ili«» ^rrairr ili«> 

liiililliltMifa tlip »all«-.. 1‘ts^ rtf iiii|| 

llio v&rkilfill la fttiitiik Wf'ightB #¥«»-n &h«rft is ilwf'lf in |1|« iiittfAlii flu’in. 
•©Iw» ; llitii lilllittiti vti|ttltli«s?-8 Willi in *it44.iipi«| 

bj distill liiloiij |:Mit*»iiilBi r^nly tlsim mMU^Uh 

imWclioiii laui c»»iuiii m wo bnvo tmn, mo tiill tmm %wklll#. 



OHAPTEE XIV 

TO® fAIiTOOV Am 8PBCIFI0 IIBAT Of TUB MBTAWI. MAGKBSmil. 

CALCIUM, iTIiONTIUM, BAEIUM, AN0 BEETLLIUM 

It is iftsy by Investigating the oompoaition of corresponding com* 
poundi, to mtabllsh the kimimhnt mighk of the metals compart with 
hydrogen— "that is, the c|uiintity which repl&oeif ono part by weight of 
hydrogen. If a motid dcicomposes aoidi directly, with the evolution of 
hydrogen, the equivalent weight of the maW may bo determined 
by taktog a doinlto weight it and m^urtof the volume of hydrogen 
©vcdved by ite action on m m<m$' of acid | it k then easy to <^cuk^ 
the weight of th© hydrogin from Its volume.^ The same result may be 
airived at by determining the oompositioa of the normal salts of the 
motaJi ; for instance, by finding the weight of metal which combines 
With 35*5 parts of cldorine or SO parts of bromine,^ The equivalent of 
m metal may be alto ascortained by simultaneously (ia in ono circuit) 
deoomp^lng m acid and a fused salt of a given metal by an electric 
curr«ftt and dlotowiMng '^e BdbMon b«tw#«n the amount of hydrogen 
and mttal sedated, because according to I^»day^® Jaw, electrolytes 
{conductors of the second order) are always decomposed in equivalent 
quantity.® The equivalent of a metal may even be found by simp]^ 

' tJntbw fAVOurii.bb» (by Uking all fcb® wjuiilt® prcoautions), th# w®%bt 

c# tli# tcjttifdliiiit may b« Moamtiilj Ueitmiiacd by Oii» miWioU. ©lui Btynolds and 
Bamsai (IH87) th« #c|ui¥d®sit of ihio to b# $%'7 by this method (from the 

awttfi tif m whikl by other methods It hw been fixed (by difioient 

cbs«ff«i) betwitn l■i•SS Mid SS‘0®» 

to Miilr eqcividtati may hi demonttreted by taktog equal weights of 
diK«r«iat wad eolleollfig the hydiHigen evolved by them (under the aotioa of aft 

aold or alkali). 

» The »o*t aooorate determtoationi of thl« kind were oanrled on by Btai, and win be 
desortbM to Chaiilir XllV. 

» Tht tffioftttt of elMtrleity to one oonlomb acoordteg to M 10 present nomea- 
clalurt of iltoWcai units (tm Works on I^hysios and ffleotro-tiohnology) diswipfeB 
O*0WWifl of hydroien, O'OOllS pam of silver, O‘OOO8fl08 pam of ooppof from the 
eedls ^ ttM cxl^i tmd O'OOOiiM f ram Mm tlie Mita of the luboxlde, !]^@f amounts 

eland to tht Moe raMc m the #c|ulv^ent% ie. at toe quantities replaoed by one part by 
weight of hy&^aa. Th§ Intimate bond whteh it btoomtog more and more marked 
♦xlittog bitwfM toe eJeoIrdylio md pwoly ohmtod relations of tubstanoet (espedally 
to eoltttos) and the appheation of eliotrolysit to the preparation of numerout tubstanoee 
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If this be done, taking Mg s= 12 (and not 24 as now)^ not only is 
a simplicity of expression of the composition of aU the compounds of 
magnesium attained, but we also gain the advantage that their corner 
position will be the same as those of the corresponding, compounds of 
sodium and potassium. These combinations were so expressed formerly 
-why has this since been changed 1 

These questions could only be answered after the establishment of 
the idea of multiples of the atomic weights as the minimum quantities 
of certain elements combining with others to form compounds — in 
a word, since the time of the establishment of Avogadro-Gerhardt's law 
(Chapter VII.). By taking such an element as arsenic, which haif 
many volatile compounds, it is easy to determine the density of these 
compounds, and therefore to establish their molecular weights, and 
hence to find the indubitable atomic weight, exactly as for oxygen, 
nitrogen, chlorine, carbon, &c. It appears that As = 75, and its com-^ 
pounds correspond, like the compounds of nitrogen, with the form.s 
AsXs, and AsXg ; for example, AsHg, AsCls, As.Flg, AsaOg, <fec. It is 
evident that we are here dealing* with a metal (or rather element) of 
two valencies, which moreover is never univalent^ but tri- or quinqui- 
valent. This example alone is sufficient for the recognition of the 
existence of polyvalent atoms among the metals. And as antimony 
and bismuth are closely analogous to arsenic in all their, compounds, 
(just as potassium is analogous to rubidium and caesium) ; so, 
although very few volatile compounds of bismuth are known, it was 
necessary to ascribe to them formulae corresponding wdth those ascribed 
to arsenic. 

As we shall see in describing them,, there are also many analogous 
metals among the bivalent elements, some of which .also give volatile 
compounds. For example, zinc, which is itself volatile, gives severed 
volatile compounds (for instance, zinc ethyl, ZnC 4 Hto, which boils at 
118°, vapour density ?= 61'3), and in the molecules of all these com- 
pounds there is never less "than 65 parts of zinc, which is equivalent to 
Hj, because 65 parts of zinc displace 2 parts by weight of hydrogen ; so 
that zinc is just such an example of the bivalent metals as oxygen,, 
whose equivalent = 8 (because H 2 is replaced by O = 16), is a repre- 
sentative of the bivalent elements, or as arsenic is of the tri- and 
quinqui-valent elements. And, as we shall afterwards se^ magnesium 
is in many respects closely analogous to zinc, which fact obliges us Uk 
regard magnesium as a bivalent metah ^ ^ ^ 

Such metals as mercury and copper, which are aHe to noi 00^ 
1 >ut two bases, are of particular importance fer dia ting u ishiug 
and bivalent metals, tous copper gives the sobmdds Ou^Oami 
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oxide OuO*^that is, the coropounds CuX corresponding with the siib» 
oxide are analogous (in the quantitative relations, by their composition) 
to KaX or AgX, and the compounds of the oxide € 0 X 2 , to MgXj, 
ZaXi, and in general to the bivalent metals. It is clear that in such 
examples we must make a distinction between atomic weights and 
equivalents. 

in tins manner the valency, that is, the number of equivalents 
entering into the atom of the metals may in many cases be established 
by means of comparatively few volatile metallic compounds, with 
the aid of a search into their analogies (concerning which see Chapter 
XV.). The law qf specific heats discovered by Dulong and Petit has 
frequently been applied to the same purpose ® in the history of chemistry, 
especially since the development given to this law by the researches of 
Eegnanlt, and since Cannizzaro (1860) showed the agreement between 
the deductions of this law and the consequences arising from Avogodro* 
Oerhardt^s law. 

Dulong and Petit, having determined the specific heat of a number 
of solid elementary substances, observed that as the atomic weights of 
the elements increase, their specific heats decrease, and that the product 

® The chief means by which we determine the valency of the elements, or what 
multiple of the equivalent should be .ascribed to the atom, ore : (1) The law of’ Avogadro- 
Oerhardt. This method is the most general and trustworthy, and has already been 
applied to a great number of elements. (2) The different grades of oxidation and their 
tsomorphism or analogy in general ; for example, Pass’ 50 because the suboxide (ferroub 
Oxide) is isomorphous with magnesium oxide, & 0 ., and the oxide (ferric oxide) oontabatf 
half as mUoh oxygen again as the suboxide. l^rzelius, Marignoc, and others took advan> 
iage of this method for determining the oomposition’of the compounds of many elements. 
($} The specific heat, according to Dulong and Petit’s law. Begnault, and more especially 
Cannizzaro, used this method to distinguish univalent from bivalent xnetals. (A) The 
periodic law {see Chapter XV.) has served as a means for the determination of the 
atomic weights of oOrium, turanium, yttrium> &o., and more especially of gallium, 
scandium) and germanium. The correction of the results of one method by those 
of others i.s generally had recourse to, and is quite necessar^^i^because, phenomena of 
dissociation, polymerisation, &o., may complicate the individual determinations by each 
method. 

It will he well to observe that a number of other methods, especially from the province 
those phyrioa^ properties whi^ are clearly dependent on the magnitude of the atoni 
(or.oquivalent) or of the'mpleoule, xuay lead to the same result. I ynay point out, for 
^stance, that even the specifid gitavitjj' of tolutions of the metaUio chlorides may serve 
for tins purpose. (Dnis, if hmrylmzm be taken as trivalent~«>that isi if the composition of 
its c^oride be teken as BeOl^^. (or a polymeride of it), then the specific gravity of 
eolurions of beryllium ohloride'Will not fit into the series of the other metallio chlorides. 
But by ascribing to it an atomic weight Be®* 7, or taking Be as bivalent, and the oompolf’- 

general rule given in Chapter VH., Note 20. 
Thus w, 0, Burdakoff detennined in my laboratory that the specific gravity at 15°/4® 
BeCl 2 + 200 H 2 O«l' 0 l 88 — that is, greater than the corresponding solution 
(»l'012l), and less tiian the solntion MgCla+200HaO (•1*0208), os would 
from the magnltnde of the molechlar weight BeOIaFdd, ainoe Ka»74-5 and 
mgUl3o95* * 
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^ |4« $p$e^e hmii Q intu ths atomu imighi J m almo#l mmtani 
fumititg, Thi« sih^iiih i\m% to bring dHFdrent elamenti into a knowa 
tlic^niia! state an f«iual anirmut of work is r6(|ulrodi if atomic quantities 
of tho okanonti aro tnkan \ that is, tlio amounts of beat expended in 
beating fH|u»l qiiiintltifis by %voight of tbo elements are far from equal, 
but are In iiivem'i proportion to the atondo weightH. For thermal 
cbaiigfis the atom li a unit ; all atoiui, notwithsmiuling the iliiFeronco 
of wigfit and niiture, are ©(|UaL TMi k the tlmplest expreasion of the 
fact diseovered liy Dulong and Petit The ipeoiflo beat moaturoi t!»t 
qiiaiitlty of boat which ii required to imlie tbo tempemturo of om unM 
^ mmgM of ft iubstenea by ono degree. If tlie magnitude of the 
apecido heat of altimenia Im multiplied by the atomio weight, then wo 
olitttin the atomic heat— that i«, tho anamnt of beat required to rake 
tlm tetnperaturo of the atomio weight of an element by one degree. It 
Is iluM) prcKliicte which for the majority of tlie ekmentg prove to be 
Approximately, if not quite, identioab A i»inpleto identity cannot bo 
oxfMJOted, beoauio the ipocibo b^t of one and tbo same sultatanoo 
rniii* wl^ tbo tempomturo, with iti pwMgt from one state into 
another, and frequmitly with erm a iimplo macbonioal ©bang© of 
dendty (for Initenoo by bammodlng), not to ipmk of allotrqpio obangos, 
4©. Wo will cite iovoral bgurai^ proving the truth of th© oonolti-' 
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knootti bitting, iw we «i® In Cbaptf* XXII. For quiTtot SlOa 
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dotemtoftto*, wbtob bavo boon wiCod by Doww, Im Cbatoliw (Cfbapitr TUI., 
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^ 1 ^^ df A K Q at 0** t% and for boron ** a*i. But if w® kdoS' tb« ^podfio beat 
ii tvldently a tendency with a rk© cS t^poraturo, we obtain 
a l^d»^ lo © « wl^ other «liwi©nts. Thus witib tea dlwmond ana 

^ lAm ^odAo beat t«a» tewaidt 0*47. wIWi mititipka 
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Bons arrives at by Dal&ng and ^etit vritb respect to solid elenoentary 

bodies. 

In 

Ka 

Mg 


A = 

7 

23 

24 

31 

Q = 

0*9408 

0*2934 

0-245 

0-202 

AQ = 

6-59 

6*76 

5-88 

6-26 


P© 

Cu 

Zn 

Br 

A==i 

56 

63 

65 

80 

Q = 

0*112 

0*093 

0*093 

0*0843 

AQ = 

6*27 

'5*86 

6*04 

6-74 


Pd 

Ag 

Sn 

I 

A== 

106 

108 

118 

127 

Q=^ 

0*0592 

0*050 

0*Q55 

0-541. 

AQ = 

6*28 

6'05 

6*49 

6-87 


Pt 

Au 

Hg 

Pb 

A = 

196 

198 

200 

206 


0*0325 

0*0324 

0*0333 

0*0316' 

AQ=: 

6*37 

6*41 

6*66 

6-49 


It is seen from this that the product of the specific heat of the 
element into the atomic weight is an almost constant quantity^ 
which is nearly 6. Hence it is possible to determioe the valency 
by the specific heats of the metals. Thus, for instance, the specific 
Imts of lithium, sodium, and potassium convince us of the fact that 
their atomic weights are indeed those which we chose, because by 

gives 5*6, the some as for jnagnssittm and alumiriitim. I may here dirept the reader’s 
attention to the fact that for solid elements having a small atomic weight, the epeoiflb 
heat varies considerably if we taie the average fignres for temfieratnres O'* to 100° : 

Li«7 B0=9 B=U C«12 

Q=* 0*94 0*42 0'24 0*20 

AQ= 6*6 8*8 2*6 2*4 

B is therefore dear that the specific heat of beryllinm determined at a low temperature 
camiDot serve for estahlidiing its atomicity. On the other hand, the low atomio heat of 
charcoal, graphite, and the diamond, boron, &o., may perhaps depend on the complexity 
erf the xnolecmles of fijese elements. The necessity for acknowledging a great complexity 
of the molecules of carbon was explained in Chapter VIII. I!n the case of sulphur the 
molecule contains at least Se Its atomic heat 5l68=6*22, which is distinctly 
below the ncnmal. If a large number of atoms of carbon ore contained in the molecule 
of charc<^ this would to a certain extent account for its comparatively small atomio 
beat. With r^peot to the specific heat of compounds, it will not be out of place to 
mmition here the ccmclusion arrived at by Kopp, that the molecular heat (that is, the 
pccduct of MQ) may be looked on as the sum of the. atomic heats of its component 
dements ; but asQus rule is not a general one, and can only be applied to give an approxi- 
nmle ^^mate of the specific heats of substances, I do not think it necessary to go into 
fihe de^fetils of the conclusions described in Biebig’s ^ Annalen Supplexxient*-Band,’ 18.64 1 
idmtt mclades a oumb^ of determmations made by Eopp. 
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=lniiltiplymg the specific heats found by experiment by the correspond- 
ing atomic weights we obtain the following figures : ti, 6*59, NTa, 6*75 
and K, 6*47. Of the alkaline earth metals the specific heats have been 
determined ; of magnesium = 0*245 (Eegnault and Kopp), of calcium 
c= 0*170 (Bunsen)i and of barium = 0*05 (Mendel^eif;. If the same 
composition be ascribed to the compounds of magnesium as to the 
corresponding compounds of potassium, then the equivalent of mag^ 
nesiura will be equal to 12. On multiplying this atomic weight by the 
specific heat of magnesium, we obtain a figure 2*94, which is half that 
which is given by the other solid elements and therefore the atomic 
weight of magnesium must be taken as equal* to 24 and not to 12. 
Then the atomic heat of magnesium = 24 x 0*245 =- 5*9 ; for calcium, 
giving its compounds a composition CaXg — for example CaCl 2 , CaS 04 , 
CaO (Ca = 40) — we obtain an atomic heat = 40 x 0*17 = 6*8, and for 
barium it is equal to 137 x 0*05 = 6*8 ; that is, they must be counted 
as bivalent, or -that their atom replaces Hg, Na 2 , or K 2 . This con- 
clusion may be confirmed by a method of analogy, as we shall afterwards 
see. The application of the principle of specific heats to the determi- 
nation of the magnitudes of the atomic weights of those metals, the 
tnagnitude of whose atomic weights could not be determined by 
Avogadro-Gerhardt^s law, was made about 1860 by the Italian pro- 
fessor Cannizzaro. 

Exactly the same conclusions respecting the hi valence of magnesium 
and its analogues are obtained by comparing the specific heats of their 
compounds, especially of the halogen compounds as the most simple, 
with the specific heats of the corresponding alkali compounds. Thus, 
for instance, the specific heats of magnesium and qalciam chlorides, 
MgCl 2 and CaCl 2 , are 0*194 and 0*164, and of sodium and potassium 
chlorides, NaOl and KCl, 0*214 and 0*172, and therefore their molecular 
heats (or the products QM, where M is the weight of the molecule) are 
18*4 and 18*2, 12*5 and 12*8, and hence the atomic heats (or the 
quotient of QM by the number of atoms) are all nearly 6, as with the 
elements. Whilst if, instead of the actual atomic weights Mg = 24 
and Ca = 40, their equivalents 12 and 20 be taken, then the atomic 
heats of the chlorides of magnesium and calcium would be about 4*6, 
whilst those of potassium and sodium chlorides are about 6*3.* We 

® It must be remarked that in the case of oxygen (and also hydrogen and carbon) 
compounds the quotient of MQ/n, where w is the number of atoms in the molecule, is 
always less than 6 for solids; for example, for Mg0 = 5‘0, CaO =5*1, Mn02=4*6, ice 
(Q= 0*604) =8, Si02=3*5, &c. At present it is impossible to say whetiber this depends 
on the smaller specific heat of the atom of oxygen in its solid compounds (Kopp, Note 4) 
or on some other cause ; but, nevertheless, taking into account this decrease depending 
on the presence of oxygen, a reflection of -the atomicity of the elements may to a certaki 
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“Complex quantity — including not only the increase of the energy of a 
substance with its rise in temperature, but also the external work of 
expansion^ and the internal work accomplished in the molecules 
only be coiinecteij by a complete theory of liquids, which may now soon be expected, 
more especially as many sides of the subject have already been partially explained. 

^ According to the above^reasoAs the quantity of heat, Q, required to raise the tem- 
perature of one part by weight of a substance by one degree may be expressed by the 
sum Q=K + B+D, whe:i^,K is the heat actually expended in heating the substance, or 
what is termed the absolute specific heat, B the amount of heat expended in the 
Internal wO!:i: accomplished with the rise of temperature, and D the amount of heat ex- 
pended in external work. In the case of gases the last quantity may be easily deter- 
mined, knowing their coefficient of expansion, which is approximately =0*00868. By 
applying to this case th© same argument given at the end of Note 11, Chapter I., we find 
that one cubic metre of a gas heated 1° produces an external work of 10833 x 0*00868, 
or 88*02 kilogrammetres, on which 38*02/424 or 0*0897 heat units are expended. This is 
the heat expended for the external work produced by one cubic metre of a gas, but the 
specific heat refers to units of weight, and therefore it is necessaiy in order to know D 
to reduce the above quantity to a unit of weight. One cubic metre of hydrogen at 0° 
and 760 mm. pressure weighs 0*0896 kilo, a gas of molecular weight M has a density 
M.12, consequently a cubic metre weighs (at 0° and -760 mm..) 0*0448B(I kilo, and therefore 
I. kilogram of the gas occupies a volume 1/0*0448M cubic metres, and hence the external 
work D in the heating of 1 kilo of the given gas through 1®=0*0896/0*0448DI, or D=2/M. 

Taking the magnitude of the internal work B for gases as negligeable if permanent gases 
4Vre taken, and therefore supposing B=0, we find the specific heat of gases at a constant 
pressure Q=K+2 M, where K is the specific heat at a constant volume, or the true 
specific heat, and M the molecular weight. Hence K=Q— 2/M. The magnitude of the 
specific heat Q is given by direct experiment According to Begnault’s experiments, for 
oxygen it =0*2175, for hydrogen 8*405, for nitrogen 0*2438; the molecular weights of 
these gases ^re 82, 2, and 28, and therefore for oxygen K= 0*2176 — 0*0626=0*1560, 
for hydrogen; K= 8*4050 -TOGO =2*40^0, and for nitrogen K= 0*2438 -0*0714 =0*1724. 
These' true sj^cifio heats of elements are in inverse proportion to their atomic weights-^ 
4het is, their product by the atomicn weight is a constant quantity. In fact, for oxygen 
this pn)duct=0Td6x 16=2*48, for hydrogen 2*40, for nitrogen 0*7724x14 = 2*414, and 
ther^ore if A stand fox the atomic weight we obtain the expression K x A=a constant, 
which may be taken as 2*46. This is the true expression of Dulong and Petit’s law, 
because K is the true specific heat and A the weight of the atom. It should be remarked, 
moreover, that the product of the observed specific heat Q into A is .also a constant 
quantity (for oxygen =3*48, for hydrogen =8*40), because the external work D is also 
inveraely proportional to the atomic weight. 

In the case of gases we distinguish the specific heat at a constant pressure o' (we* 
designated this quantity above by Q), and at a constant volume c. It is evident tlmt 
the relation between th£ two specific heatsy h, judging, from the above, is the ratio of Q 
to K, or equal to the ratio of 2*46n + 2 to 2*46w. ‘When n—l this ratio A: = l*8 ; wheri 
ift=2, li?=l*4,when n=8, k=l% and with an exceedingly large number n, of atoms in the 
‘molecule, k-1. That is, the ratio between the specific heats decreases from 1*8 to I’O 
as the number of atoms, n, contained in the molecule increases. This deduction is 
verified to a certain extent by direct experiment. For such gases as hydrogen, oxygen, 
nitrogen, carbonic oxide, air, and others in which n=2, t^e magnitude of A; is determined 
by methods described in works on physics (for example, by the change of temperature 
With an alteration of pressure, by the velocity of sound, &o.) and is found in reality to 
be nearly 1*4, and for such gases as carbonic anhydride, nit^c dioxide, and others it is 
nearly 'T3. Kundt and Warburg (1876), by means of the approximate method mentioned' 
in Note 29, Chapter VIL, determined k for mercury vapour when n«l, and found it to 
be =1*67— teat is, a larger quantity than for air, as would be expected from the above. 
It may be admitted that the true atomic heat of gases =2*48, only under the oemdition 
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are 0 X 10 unit less than the former.® They all belong to the number of 
Ity/U nwtciUf as they have but a small specific gravity, in which respect 
they difier from the ordinary, generally kndwn heavy, or ore, metals (for 
instance, iroix, copper, mlver, and load), which are distinguished by a 
much greater speoifio gravity. There is no doubt that their low specific 
gravity has a s%nifloano6, not only as a simple point of distinction, but 
also » a property whid^ determines the fundamental properties of these 
metali. Indeed,, all thd light metals have a series of points of rosem 
bianco with the metals of the alkalis j thus both magnesium and 
calcium, like the metals of the alkalis, decompose water (without the 
addition of acids), although not so easily as the latter metals. The 
procois of the decomposition is essentially one and the same ; for 
example, Ca + 211^0 « 0all202 H- — that is, hydrogen is liberated 
and a hydroxide of the metal formed. These hydroxides are bases 
which neutralise nearly all acids. However, the hydroxides HH 2 O 2 of 
caUuuin and inagnosium are in no respect so energetic as the hydroxides 
of the true metals of the alkalis ; thus when heated they lose water, 
are not so soluble, dev^op less heat with acids, and form various salts^ 
which are less stable and more easily decomposed by heat than the 
corresponding salts of sodium and potassium. Thus calcium and 
magnesium carbonates msily part “^th carbonic anhydride when 
ignited j tho nitrates are also very easily decomposed by heat, calcium 
axul xtiagnesiuni oxides, OaO and MgO, being lof^i behind. The chloridea 
of magnesium and caloiunx, when heated with water, evolve hydrogen 
clilorid% forming the corresponding hydroxides, and when ignited tho 
oxMw themselvei. All these points ore evidence of a weakening of tho 
alkaline propartiei. 

These metals have been termed the metals of the alkailvn^e earths^ 
because they, like tho alkali metals, form energetic bosea They are 
callwl alkaline mirths because they arc mot with in nature in a state of 
couibination, forming tho insoluble mass of the earth, and because as 
oxiileii, 110, they themselvea havo an earthy appearance. JSTot a few 
Kilts of ilmu metals are known which are insoluble in water, whilst 
the TOrrii|>onding salts of the alkali metals are generally solublo'—for 
the carbonates, phosphates, borates, and other salts of tho 
alkaline eartli m©tak are nearly insoluble. This enables us to separate 
the metali of the alkalino eartlis from the metals of tho alkalis. For 
this purpose a iolution of ammonium carbonate is added to a mixed 
mUimi of ndti of l^th kinds of metals, when by a double decomposition 
th© iaiolubli carixonates of tho metals of the alkaline earths are formed 

» Ai If mi KH»Ca, which h in aecordano© with th©ix valency. KH 

iiwlndlii few0 «kai«aii* mi ii a bivalent group like On. 
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termed limestone. Some common flagston^ used for paving, <S 5 c., and* 
chalk may be taken as examples of this kind of formation. Those 
limestones in which a considerable portion of the calcium is replaced by 
magnesium are termed dolomites. The dolomites are disfcinguished by 
their hardness, and by their not parting with the whole of their car- 
bonic anhydride so easOy as the limestones under the action of acids. 
Dolomites ** sometimes contain an equal number of molecules of calcium 
carbonate and magnesium carl^onate, and they also sometimes appear 
in a crystalline form, which is easily intelligible, hecause calcium car- 
bonate itself is exceedingly dommon in this form in nature, and is. then 
known as calc spar, whilst natural crystalline magnesium carbonate is 
termed magnesite. The formation of the ciystalline varieties of the 
insoluble carbonates is explained by the possibility of a slow deposition 
from solutions containing carbonic acid. Besides which (Chapter X.) 
calcium and magnesium sulphates are obtained from sea water, and 
therefore they are met with both as deposits and in springs. It must 
be observed that magnesium is held in considerable quantities in 
eea water, because the siilphate and chloride of magnesiiun are very 
eoluble in water, whilst calcium sulphate is but little soluble, and is 
used in the formation of ehells \ and therefore if the occurrence of con- 
siderable deposits of magnesium, sulphate cannot be expected in nature^ 
still, on the other hand, one would expect (and they do actually occur) 
large masses of calcium sulphate or gypsma^ 0aS04,2H;j0. Cypsum 
sometimes forms strata of immense size, which extend over many 
hectometres — for example, in Russia pn the Volga, and in the Donetz 
and Baltic provinces. 

lame and magnesia also, but in much, smaller quantities (only to 
the amount of several fractions of a per cent, and rarely 'more), enter 
into the composition of every fertile soil, and without these bases the 
soil is unable to support vegetation. Jjime is particularly important 
In this respect, and its presence in a larger quantity generally improves 
the harvest,, although purely calgareoiis soils are as a rule infertile. 
For this reason the soil is fertilised both with lime itself and with 

The formation of dolomite may be explained, if only wo imagine that a solution of 
a magnesium salt aots on calcium carbonate. Magnesium carbonate may be formed 
by double decomposition, and it must be supposed that this process ceases at 'a certain 
limit (Chapter XXL), when we «hA.Tl obtain a mixture of the carbonates of calcium 
imd magnesium. Haitiager heated a mixture of calcium carbonate, CaCOs, with a solu- 
tion of an equivalent quantity of magnesium sulphate, MgS04, in a clpaed tube at 200 °. 
mid then a portion of the magnesia actually passed into the state of magnesium car- 
bonate, MgCOa, and a portion of the lime was converted into gypsum, 'CaS04. Lubavin 
(1892) showed that MgCOs is more soluble than CaCOg in salt water, which is of somoJ 
dgnificance in explaining the composition of sea water, 

^ The undoub^ action of lime in inoreoeing the fertility of eoils^if hot in every 
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ehlorifto with tbo vapours of potassium. At the present time (Beville'^s 
process) nuignosium is prepared in rather considerable queintities by a 
sitnilar |)rc)ccMis, only the potiiHsium is replaced by sodium. Anhydrou® 
magne?^iuiu chloride, together with sodium chloride and calcium !luorid©i 
Is fused in a clone crucible. The latter sul)stancos only servo to facili- 
teto the formation of a fusible mass befoj'oand after the reaction^ which 
if indiip^uimbk in order to prevent the access and action of air On© 
part of finely divided iodium to five parts of magnoaium chloride is 
thrown into the strongly heated molten mass, and after stirring th© 
reaction proceeds very quickly, and magnesium separates, MgCl^ -4- Nag 
waMg + 2NaCL In working on a large scale, the powdery metallio 
magnesium is then subjected to distillation at a white heat. Th© dis« 
tillation of the magnesium h necessary, because the undistilled metal is 
not homt>g(auM)us and burns unevenly : the metal is prepared forth© 
purjKKHc of illuuunation. Magnesium is a white metal, like silver ; it 
i« not soft like; the idkali mtitals, but is, on the contrary, hard like th© 
majjority of the ordinary metals. This follows from th© fact that it 
melts at a somewhat high temperatur©— namely, about 500®-~and boils 
at about 1000^ It is malleable and ductile, like the generality of 
metali, so that it can be drawn into wires and rolled into ribbon ; it is 
most frccjucuitly used for lighting purposes in the latter form. Unlike 
the alkali metaln, magtiesium does not docoinposo the atmospheric 
riHiisture at the oriVmary temperature, so tliat it m almost unacted on 
by air ; it is not oven act(;d tm by water at the ordinary temperature, 
m tlmt it may bi> washotl to fro© it from sodium chloride. Magnesium 
c»ly d@ 0 om|w®i' water with- riio evolution of hydrogen at the boiling 
point of water,*® and more rapidly at still higher temperatures. This 
is explained by tlm fact that in decomposing water magnesium forma 
an Insoluble hydroxide, MgrL/).^, which covers the metal and hinders 
the further atdion of tlw water. Magnesium easily displaces hydrogen 
from a(;I<lf 5 , fanning ningnoHimn salts. When ignited it not only 
in oxygc'u but in air (and oven in carbonic anhydride), forming a whit© 
powder of magnesium oxide, or magnesia ; in burning it emits a whit© 
and excce-dingly brilliant Ihjht, The Htrength of this light naturally 
dcpcnthi on the fact that !uagm;.sium (24 parts by weight) in burning 

n Ctmmunvial |i«njonilIy fiontainfi a ccrtiuu amount of magnosinm nikltto 

(Dovillo anU nur<m), Ih, a prmluot of iubstitutbn of ammonia which ii 

dirwtiy (an in oanily niiown by exporimont) when ma^ntiflium Ja hoatod in nitrogen. 

It h a ycliowttili gn'nn imwcUt, which gIvoH ammonia anti magnoaia vrifch water, and 
oyanogori wlnni iicatiui with t'arVfonio anliyclriUo. PanluholTHky (ISI)3) ehowetl that Mgg^Nji 
in formiHl atni k the; noU; prochict when Mg Is hcatod to redness in a current of NHj. 

Ftrfietly pnw manriasfnm may ho obtained by the action of a galvanic ouiTcnt. 

HydKJftn ptroiMi (Welteion) diaaolvos tnagnoiium. TOio motion has not been 
lavoitlgatid. 
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evolves about 140 thousaiid heat units, and that the product of com- 
bustion, MgO, is infusible by heat ; so that the vapour of the burning 
magnesium contains an ignited powder of non-volatile and infusible 
magnesia, and consequently presents all the conditions for the pro- 
duction of a brilliant light. The light emitted by burning magnesium 
contains many rays which act chemically, and are situated in the violet 
and ultra-violet parts of the spectrum. For this reason burning 
inagnesimn m^y be employed for producing photographic images.^® 
Owing to its great affinity for oxygen, magnesium reduces many 
metals (zinc, iron, bismuth, antimony, cadmium, tin, lead, copper, silver, 
and others) from solutions of their salts at the ordint.ry temperature/’’ 
and at a red heat finely divided magnesium takes up the oxygen from 
silica, alumina, boric anhydiide, <fec. ; so that silicon and similar 
elements may be obtained byr directly heating a mixture of poyrdered 
silica and magnesium in an infusible glass tube.*® 

The affinity of magnesium for the halogens is much more feeble 
than for oxygen,*® as is at once evident from the fact that a solution 
of iodine acts feebly on magnesium ; still magnesium bums in the 
vapours of iodine, bromine, and chlorine. The character of magnesium 
is also seen in the fact that all its salts, especially in the presence 
of water, are decomposable at a comparatively moderate tempera- 
ture, the elements of the acid being evolved, and the magnesium 
oxide, which is non-volatile and unchangeable by heat, being left. 
This naturally refers to those acids which are themselves volatilised 
by heat. Even magnesium sulphate is completely decomposed at 
the temperature at which iron melts, oxide of magnesium remaining 
behind. This decomposition of magnesium salts by heat proceeds 

A special form of appar^s is used for burning magnesium. It is a cloolcworlc 
arrangement in winch a cylinder rotates, round which a ribbon or wire of maghcsium is 
wound. The vrixe is subjected to a tmiform unwinding and burning as the cylinder 
rotates, and iU this manner the combustion may continue uniform for a certain time. 
The same is attained in special lamps, hy causing a miacture of sand, and finely divided 
magnesium to fall frona a fumel-ahaped reservoir on to the flame. In photography it is 
best to blow finely divided magnesium into a colourless (spirit ox gas) flame, and for 
instantaneous photography to light a cartridge of a mixture of magnesium ^d chlorate 
of potassium by means of a spark from a RuhmkorfE’s coil (I> MendeMefi, 1889). 

^ According to the observations of Maack, Comaille, Bdttger, and others. The re- 
duction hy heat mentioned further on was pomted out hy Geuther, Phipson, Parkinson 
and Gattermann. 

w This action of metallic magnesium' in aU probability depends, although only partially 
(ace Note 18), on its volatility, and on the fact that, in combining with a given quantity of 
oxygen, it evolves more heat than aluminium, silicon, potassium. nnd other elements. 

^ w Davy, on heating magnesia in chlorine, concluded that thdro was a complete sub- 
efitution, because the volume of the oxygen was half the volume of the chlorine,* it is 
probable, however, that owing to the formation of chlorine oxide (Chapter XI., Note 80) 
the decomp<^tion is not complete and is limited by a reverse reaction. 
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mueh more easily than that of calcium salts, Tor example, mag- 
naiiura carbonate is totally decomposed at 170®, magnesium oxide 
being loft’ behind. This mn^nesia, or magiidsium oodde, is met with 
both in an anliydrous and hydrated state in nature (the anhydrous 
magnesia a» mineral p^riclme, MgO, and the hydrated magnesia 
ms bmdUt Mgll^Og). Magnesia is a well-known modicino (calcined 
umgnmh-^mofffmm mta). It is a white, extremely fine, and very 
voluminous powder, of speciiio gravity 3-4 ; it is infusible by heat, and 
only ihrinks or shrivels in an oxyhydrogen flame. After long contact 
the anhydrous magnesia combines with water, although very slowly, 
forming the hydroxide Mg(nO) 2 , which, hoiVever, parts with its 
water with greaf ease when heated even below a rod heat, and again 
yields anhydrous magnesia, 'this hydroxide is obtained directly as 
a gelatinous amorphous substance when a soluble alkali is mixed with 
a solutiem of any magnesium salt, MgClg + ^KIIO s=: Mg(HO )2 4‘2KCL 
This decomposition is complete, and nearly all the magnosium 
paises iiito the precipitate ; and this clearly shows the almost perfect 
iiisolubility of magnesia in water. Water dissolves a scarcely per* 
ceptiblo quantity of magnesium hydroxide-— namely, one part is dis- 
iolved by 55,000 parts of water. Such a solution, however, has 
an alkaline reaction, and gives, with a salt of phosphoric acid, a 
precipitate of magnc'«ium phosphate, which is still more insoluble. 
Magnesia ih not only dissolved by acids, forming salts, but it also dia- 
ptaoei certaixi other bases— for example, ammonia from aminonium 
I salts when boiled ; and the hydroxide also absorbs carbonic anhy- 
dride jfirom the air. The magnwium salts, like those of calcium, potaa- 
fiium, and iodium, are colourless if they are formed from colourless 
acids. Thoio which are soluble have a bitter taste, whence magnesia 
hail l)eeu terumd biUur-carth. In comparison with the alkalis magnesia 
hi a fcchlo base, inasmuch as it forms somewhat unstable salts, easily 
givi‘H iMiniv fudtii, forms acid salts with diillculty, and is able to give 
dcmblo imlia with the salts of the alkalis^ which facts are characteristic 
of feeble Imsea, as we shall see in becoming cmquaintod withtho different 
inctaln. 

The piiwor of magnosium salts to form double and basic salts is 
vetj fiwpicntly shown in reactions, and is specially marked as re- 
giwls ammonium salts. If saturated solutions of magnesium and 
ammcmiiim sulphates arc mixed together, a crystalline double salt 
Mg(NH4)g(SC)4)2,rin20,^^ is immediately precipitated. A strong 

^ Eff» a w>luilott of aminouJum oMorido gives, this salt with magnosium sulphate. 
It* ip. p. ii 9 1 100 parts of water at 0® dissolve 9, at 90® 17’9 parts of the anhydrous 
tail.' At about ISO® It loses ftU its water. 
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Tha nearcafc minlop^nm of iimgneslu«!> are able ibo give exactly similar 
double siilte, both in orystalliiie form (monoclLmo system) and cora^ 

rytuiiiltni itr»s i»f)t by disunion, which in laJ! probability depends both on 

ih« r*4«itivt» riitii <»f thti tif tlui minponont sidte and on tho dQgrm of affinity 

aciitij' bt5twt»«*n Ihmu Tluwo (n>ia|ib« utakui of tHpiililn-iiim which exist botwoen water, 
tlic individual wdts MX iwui NY, luul the double salt MNXY.havo Leon, olmdy i)artially 
#jinly«id (m will be «hmro htri’mlter) in that tmeo whom tho eyotoni in hotorogoneous 
(tlml i», wIiDU iomfiihiiif nipamti* out In a solid state froto tha litjuid aolution), bub in 
kity «iP id #«|uilllirlft in a homogtmeoui liqdd modlnm (in a solution) tho phunomtuinn is 
not 110 iilwir, biMMiURc It eonceriii that ¥«ry fclioory of iolution whieh cannot yot bo 
feotiiltifirod m tilabllrfjwi (Chapter I,, Note t>, and othiw). An rogiurds tho heterogeneous 
deeaiiipotiiyiin'of double saltii, it hm long been known that such/ salts ae eamallite and 
give up the nAorti mduble wait if an innuffloient quantity qf water for their 
ooinphiki Solution bo taken. Tl\e etunpleto saturation of 100 parte olf water requires at 
14*1, at *iCP and at OtF f»0*i parts of ibo latter double salt (anhydrous), wbdOlo 100 
parts i4 water disiiolvt) *i7 partii of niiaguewium eulphato at 0*^, 80 parts at 20®, and 65 
|«vrtu at iHy\ of the iinhydriujti »alt taken. Of tdl tho itates of equilibrium exlnbited by 
■douido naltn IIjo inoet fully invcfiligatful an ytit ii tho eyitom containing wteter, sodium 
eulphaitt, 8uugne«miu eulphato, litui their double salt, N{^Mg(804)»2, which crystallises 
with 4 luul <1 mol. TIu» Unit cryetallodiydrato, MgNa.AB04)2, 41120, oecurs at 

tUa>H>furt, ami im a nediumutary dts|Mwit in mwiy of tlw silt lakes near Astrakhan, and is. 
tl4«refoj*«ii %5alliMl mlmkhumU, The npeoiflo gravity qf the moiHMjlinio priimaof this salt 
U H thin ialt, in a Unely divided state, be tnkid w^ith the neoeatary quantity at w^ater 

to thti oipiatbn MfNi%(SO4)i,4HaO4*18HtO»Nftii8O4|10H2iO + Mg8O4,7HaO), 
|h» inixtur© wlklifiwi Uko platter of Paris Into a homogeneoufii maia if tlw temperature 
be brnhm (Van*t Ilotl uml Van Deventer, 18g6; Bakhm® ItooMboom, 1887); but 
it the toiM|»«rii,tur« Im abovo thiti tmnsiHmhptdni feh@ water and double srft do 
not reiM^ m oarh other; that Ib, they do not solidify or givo a mixture of wdium. 
anti nutgm'Hlurii milphatoM. If a mixture (in equivident qatwntitica) of solutions of thos» 
aalts Im» ova|s»*altHl, and cryntida of liJitrakhauiks and of the iudividiud salta capable of 
pTijamding from H Im atUliHl k* i\w ctmctaitraiod soluliou to avoid tho possibility of a 
wtwwblaraliti udiition, then at ttifn|»emtures above 2‘i® astrakluuute is exclusively 
imwmA (tW* to m^hod of iti prodaoUon), but at lower temperatures Dio individuid 
tm iloM produo^ If tqulvsdant amounli d CDaubeFt salt and magnesium 
ftnlpliate li« mkiitl logethw in a solid ®tat% thwi Is no <*ang© at tompoifaturoB below 
it*, bill at higlier tem|Hiwtiirei "ftstridchimito and water are formed. The volume 
oceupitKl by N%BO4,10li4(.) In gmnw »» 822/1 *40 •9a0*5 cubic ccntimetr#», and by 
.MgHt, >4,71140 «* *i4il/P8H.^ 1 PM e.c.; hmice thoir miiture inoquivalont quantities oocupieea 
vidunm of ;UU5'y o.c. Tim volume of iwdrakhtuiite « 884/2'22 k* 160*6 c.c., and tho volume of 
18 1 1 '.lUl t'.e., benco tbrir inmi im0T» c.c., ami tbcrefore it is easy to follow the formation 
d Qm u^.irnlilpuutw in a suitable apiMUfatus (a kind of thermomotor containing oil and a 
pt.wtUu-tui mistiirwof t«Hliuin and magneMUin sulphateti), mid to sec by tho variation in 
vohiiim thid bidew it reinaltw mudiangml, and at higher temperatures proootHlH the 
more *|«iclily tlw highm* Die t«W|wrttture. At the trauiition toniperaturo tho solubility 
of ftMtrakhp.itltt.» imd of the misttire of the omnjHnierit stdtii ii one and tho saino, whilst at 
higlnu' i*’iiip«u’itiui‘ea a iielution wliicdi is saturakHl for a mixture of the individual salt® 
would be su|H>rfiaturii.teti for fiidrakhaniU', o^id at lower temperatures the solution of 
antfafelmnltii will bo rmpeniHtiimtiMi for the comjionent salts, as has boon .shown with 
#«p«cial dolall by Karaton, Drumui, wid othew. lieoxtiibootn showed that Diero arc two 
liftiitw b* ihti t*4iin|M«ition cd the Hohttkins whieh can exist for a double salt; thew limits 
re»|M:-*i*tif«ly obtaiuod by di«w»tvlng a mixture of tbe double salt with each ofita 
ieowi|it»fieriit iliiiple «iUs. Vau’t Hell doaioniitratiid, biisidos Diis, that th® tendency 
mwardli Di« ftirtiwiion of doubbi naltii has a dliitliwt influence on tho pro^CMof double 
Im al tein|x»rii.t«res alwive 81® tho mixture 2MgS04,'7n30 + 2NaCl 
pmmm tnte MgN%(804)t,4lIsO + MgCli^UllaO >■ 4II«0. wMkt below 81® there is not this 
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water and magnesium sulphate there may exist jsevaral definite and 
more or loss stable degrees of equilibrium ; the double salt 
lMgS04K|S04,6Ha0 may bo regarded as ono of these equilibrated 
l^atoms, the more so since it contains 611 ^ 0 , whilst MgS04 forms it* 
ilBOst stable ijstem with and the double salt may be considered 

m this crystallo-hydrat© in which one moloculo of water is replaced 
hy the molecule 

Th0 p&tmr qf forming basic mU$ is a very remarkable peculiarity 
of magnesia and other feeble bases, and especially of those corre- 
sponding with polyvalent metals, The very powerful bases corre- 
sponding with univalent metals— like potassium and sodium — do not 
foi*m basic salts, and, indeed, are more prone to give acid salts, whilst 
magnesium easily and frequently forms basic salts, especially with feeble 
acids, although there are some oxides— as, for example, copper and 
lead oxides— which still more frequently give basic salts. If a cold 
solution of magnesium sulphate bo mixed with a solution of sodium 
loarbonate there is formed a gelatinous precipitate of a basic salt, 

up at above 0^, OutUriu show^U that cllluto aolutiens of maguMium 

Uulphato, when relrlgeratefii separate ioe until the solution attains a oomposition 
MgB04,Q4Ht|0, whidi will oomplokly frees© into a orystallo*hydmte at ~ B'8®. According 
to Coppofi and E(ldorfif,tho temperature of the formation of ioo falls by 0'078<^ for every 
ptirt by weight of the hoptabydratiid salt per 100 of water, This figure gives (Chapter I., 
Koto 4U) i w 1 for both the htspiahydruted and the atdiydrous wilt, from which it is evident 
Hmt it is to judge the utatoof eombination in which a dissolved substanoo 

,0©eur® by the temtwraturo of the formation of Ico. 

Thf solubility of tho diforsnfe orystidlo-hydratt)® of magnesium sulphate, according to 
'Loowtl, alto lik© Ihoio of soium sulphato or oarbonato (w Ghap^r XII., Notes 

IV and 18). At 0® 100 parti of water dissolvts 40’t8 Mg804 In Idio preahneso of tho hexa* 
Jjydrated salt, S4’67 MgB04 in the presm# of the hexagonal beptahydratod sedt, and 
only 90 parts of Mg804 in the prossno© of tho ordinary Ueptahydrated salt— that is, 
solutloni giving the reamiuing cryatallo-hydrates will bo supenaturated for the ordinary 
.heptahydratfsd lalt. 

All this shows how mapy diverse aspeot« of moro or loss stable equilibria may exist 
between wabir and a iubtitaboo dissolved iu it i thJe hae already boon enlarged on in 
Chapter L 

Carefully purlflt»d magnoilum sulphate in its aquoods wolution gives, noeording to 
6teherbeJko]f7, 04 alkahut ceaetion with Utznui, ana acid reootion with phonob 
phibalein. 

Tlio epoeiflo gravity of eelutions of certain salts of unagiumiuni and calcium reduced 
ilo (ioo my work dted, Chapter I., Note 19), are, if water at 4® » 10,009, 

MgBO*; «*i9,099 + 09'80p-t-0'5e8p^ 

MgOla 2 e^0,909»f81-81p4.O*079p® 

OttCb 2 i«a,999+aO'94p4»O*470p» 

w Orttham mm dlitlngulihed the last equivalent of the water of oryitallisatloa of 
lb© heptabydraled iidt as that which I0 replaced by other ealti, pointing out that double 
•alt# like lot© all their water at 188®, whilst MgS04,7Ht0 only parts 

with 6HtO. 
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farther heated (above 106®) to remove the water, then hydrochloric 
■acid passes off together with the latter, so that there ultimately remains 
magnesia with a small quantity of magnesium chloride.^® From what 
has been said it is evident that anhydrous magnesium chloride cannot 
he obtained by simple evaporation. But if sal-ammoniac or sodiuni 
chloride be added to a solution of rhagnesium chloride, then the evolu,- 
tion of hydrochloric acid does not take place, and after complete 
evaporation the residue is perfectly soluble in water. This renders it 
possible to obtain anhydrous magnesium chloride from its aqueous 
solution. Indeed the mixture with sal-ammoniac (in excess) may be 
dried (the residue consists of an anhydrous double salt, MgOl 2 , 2 NH 4 Cl) 
and then ignited (460°), when the sal-ammoniac is converted into 
vapour and a fused mass o£^ anhydrous magnesium chloride remains 
behind. The anhydrous chloride evolves a very considerable amount of 
heat on the addition of water, which shows the great affinity the salt 
ha^ for water. Anhydrous magnesium chloride is not only obtained 
by the above method, but is also formed by the direct combination of 
chlorine and magnesium, and by the action of chlorine on magnesiuDi 
oxide, oxygen being evolved ; this proceeds still more easily "by heating 
magTiesia with charcoal in a stream qf chlorine^ when the charcoal serves 
to take up the oxygen. This' latter method is also employed for the pre- 
paration of chlorides which are formed in an anhydrous condition with 
still greater difficulty than magnesium chloride. Anhydrous magnesium 
chloride forms a colourless, transparent mass, composed -of flexible 
crystalline plates of a pearly lustre. It fuses at a low red heat (708®) 
into a colourless liquid, renoains unchanged in a dry state, but under 
the action of moisture is partially decomposed even at the ordinary 
temperature, with formation of hydrochloric acid. When heated in the 
presence of oxygen (air) it gives chlorine and the basic salt, which 

55 This decomposition is most simply defined as the result of the two reverse reactions, 
MgCl2 4- HaO « MgO -h 2HC1 and MgO Hf- 2HC1 = MgCl2 -f- H2O, Or as a distribution 
between 0 and CI2 on the one hand and H2 and Kg on the other. (With O, MgCl2 gives 
chlorine, see Chapter X., Note 38, and Chapter II., Note 8'’*® and others, where the 
reactions and applications of MgCl2 are given.) It is then <;lear that, according to 
BerthoUet’s doctrine, the mass of the hydrochloric acid converts the magnesium oxide 
into chloride, and the m'ass of the water converts the magnesium chloride into oxide. 
The crystallo-hydrate, MgCl2,6H20, forms the limit of the reversibility. But an inter? 
mediate state of eq.uilibrium may exist in the form of basic salts. On mixing ignited 
magnesia with a solution of magnesium chloride of specific gravity about 1*2, a solid 
mass is obtained which is scarcely decomposed by water at the ordinary temperature 
{see Chapter XVI., Note 4). A similar means is employed for cementing sawdust into 
a solid mass, called cylolite, used for flooring, &:c. 

We may remari that KgBr2 crystallises not only with 6H2O (temperature ol fusion 
162°), but also with IOII2O (temperature of fusion -4 12*^, formed at — 18°. Fanfilofi, 1894). 

54 According to Thomsen, the combination of KgCb with eHjjO evolves 88,000 calorieo, 
and ita Boiuffon in an excess of water 80,000. 
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metal is volatile. Calcium decomposes water at the ordinary tem- 
perature, and is oxidised in moist air, but not so rapidly as sodium. 
In burning, it gives its oxide or limey OaO, a substance which is 
familiar to every one, and of which we have already frequently had 
occasion to speak. This oxide is not met with in nature in a free 
state, because it is an energetic base which everywhere encounters acid 
substances forming salts with them. It is generally combined with 
silica, or occurs as calcium carbonate or sulphate. The carbonate 
and nitrate are decomposed, at a red heat, with the formation of lime. 
As a rule, the carbonate, which is so frequently met with in nature;, 
serves as the source of the calcium oxide, both commercial and pure. 
When heated, calcium carbonate dissociates : CaCO^^iCaO+COa. 
In practice the decomposition is conducted at a b^ght rod heat, in the 
presence of steam, or a current of a foreign gas, in heaps or in special 
kilns.*® 

Calcium oxide — that is, quicklime — is a substance (sp. gr. ^*15) 

^ Kilnfl which act either intermittently or continuously are built for this purpose. 
Those of the hrst Mnd ore Med with alternate layers of fuel and limestone; the 
fuel is Lighted, and the heat developed by its combustion serves -for decomposing the 
limestone. When the process is completed the kihi is allowed td- cool somewhat, the lime 
taked out, and the some process repeated. In the continuously aciing fumaceh, con- 
slaructed like that shown in fig. 78, the kiln itself only contains limestone, and there are 
lateral hearths for burning the fuel, whose flame passes through the limestone andl 
serves for its decomposition. Such furnaces ore able to work continuously, because the 
unbumt limestone may be charged from above and the burnt lime raked out from below. 
It is not every limestone tha^t is suitable -for the preparation of lime, because many 
contain impurities, principally clay, dolomite, and sand. Such limestones when burnt 
either fuse partially or give an impure lime, called poor lime in distinction from that 
obtained from purer limestone, which is called rich lime. The latter kind is charac- 
terised by its disintegrating into a fine powder when treated with water, and ?s 
suitable for the majority of uses to which lime is applied, and for which the poor lime 
is Bomethnes quite unfit. However, certain kinds of poor lime (as we shall see in 
Chapter XVIII., Note 25) are used in the preparation of hydraulic cements, which 
solidify into a hard mass under water, 

In order to obtain perfectly pure lime it is necessary to take the purest possible 
materials. In the laboratory, marble or sheila are used for this purpose as a pure form 
of calcium carbonate. They are first burnt in a furnace, then put in a crucible and 
moistened with a small quantity of water, and finally strongly ignited, by which 
means a pure lime is obtained. Pure lime may be more rapidly prepared by taking 
calcium nitrate, CaNjOe, which is easily obtained by dissolving limestone in nitric acid. 
The solution obtained is boiled with a small quantity of lime in order to precipitate the 
foreign- oxides which are .insoluble in water. The oxides of iron, aluminium, &c., ate 
precipitated by this means. The salt is then crystallised and ignited: CalCaO^ 
*» CaO + 2NOa + 0. 

In the decomposition: of calcium carbonate the lime preserves the form of the lumps 
subjected to ignition I this is one of the signs distinguishing quicklime when it is freshly 
burnt and unaltered by air. It attracts moisture from the air and then disintegrates 
to a powder; if left long exposed in the air, it also attracts carbonic anhydride and 
increases in volume ; it does not entirely pass into carbonate, but forms a compound of 
the latter with caustic lime. 
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ILime, like otlier alkalis, acts on many animal and vegetable sub- 
stances, and for this reason has many practical uses— for example^ 
for removing fats, ai).d in agriculture for accelerating the decom- 
position of organic substances in the so-called comj>o8t9 or accumu- 
lations of vegetable and animal remains used for fertilising land. 
Calcium hydroxide easily loses its water at a moderate heat (530°), 
but it does not part with water at 100°. When mixed with water, 
lime forms a pasty mass known as slajced lime and in a more 
dilute form as milk of Ume^ because when shaken up in water it 
remains suspended in it for a long time and presents the appearance 
of a milky liquid. But, besides this, lime is directly soluble in water^ 
not to any considerable extent, but still in such a quantity that lime 
water is precipitated by carbonic anhydride, and has clearly dis- 
tinguishable alkaline properties. One part of lime requires at the 
ordinary temperature about 800 parts of water for solution. At 100° 
it requires about 1500 parts of water, and therefore lime-water 
becomes cloudy when boiled. K lime-water be^ evaporated in a 
vacuum, oalcimn hydroxide separates in six-sided crystals^' If 
lime-water be mixed with hydrogen peroxide minute crystals of 
calcium peroxide^ Ca 02 , 8 H 20 , separate; this compound is very un- 
stable and, like barium peroxide, is decomposed by heat. Lime, as a 
powerful base, combines with all acids, and in this respect presents a 
transition from the true alkalis to magnesia. Many of the salts of 

from each other. If only lime paste were put between two brichs they would not bold 
fiianly together, because aifcer the water bad evaporated the lime would occupy a smaller 
spaoe'tban before, andilier^rC’cradcs and powder would form in its mass, so tliat it would 
not at all produce that complete cementation of the bricks wbidi it is desired to attain. 
Pieces of stone — ^tbat is, sand— mixed with the lime hinder this process of dismtegration, 
because the lime binds together the individual grains of sand mixed with it, and forms 
one concrete mass, in consequence of a process which proceeds after the desiccation or 
removal of the water. The process of the solidification of lime, taken as slaked lime, 
consists first in the direct evaporation of the water and crystallisation of the hydrate, so 
that the lime binds the stones and sand mixed with it, just as glue binds two pieces of 
wood. But this preliminary binding action of lime is feeble (as is seen by direct experi- 
ment) unless there be further alteration of the lime leading to the formation of carbonates, 
silicates, and other salts of calcium which are distinguished by their great coliesiveness. 
With the progress of time the cement is partially subjected to the action of the carbonic 
anliydride in tbe air, owing to which calcium carbonate is formed, but not more than half 
the lime is thus converted into carbonate. Besides which, the lime partially actsbn the 
silica of tha bricks, and it is owing to these new combinations simultaneously forming 
in the cement that ifgradually becomes stronger and stronger. Hence the binding action 
of the lime becomes stronger with the lapse of time. This is the reason (and not, as is 
sometimes said, because the ancients knew how to build stronger than we do)’ why build, 
ings which have stood for centuries possess a very strongly binding cement. Hydraulic 
cements will be described later (Chapter Note 25). 

41 Professor Glinka measured the transparent bright crystals of calcium hydroxide 
which are formed in common hydraulic (Portland) cement. 

*14 
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Umiwmiimx J imt mi mmy volatile gubstanco has a maximum possible 
vaprair Umdon for mt^ry iamporature, ho also calcium carbonate baa 
itii «'tirras|»(imiiug tilHaanatloti triiHum ; this at 770® (the boiling point 
of mdiiuiim) in about H5 mm. (of the mercury column), and at 930® (the 
lioiiing point of Zn) it in abo\ii 5‘iO mm. As, it the tension be greater^ 
there will Ihi no evaporation, ho also there will bo no decomposition. 
iHibray U>cik crvitali of ottlc i|mr, and could not observe tbe least change 
ill thoiii at tlio iKiiUng point of alao (930*'') in an atmosphere of carbonic 
anhjilfitlo tAken at the atmospla^nc pressure (760 mm.), whilst on the 
ether hiwitl mlcium ciirbmuito may bo completely decomposed at a 
much bwiif tmnpnrature if the tenmiou of the carbonic anhydride bo 
kept Inflow the (li.*muciation tcu.sion, which may bo done either by 
tlinfctly |ium|iing away the gim with an air-pump, or by mixing it with 
ioiiMi tittior giii ‘ ■■ that is, by diminishing the partial pressure of the 
earlioiiki aiihytlride/^ juiit as an object may bo dried at the ordinary 
ttunporiiturn by nunoving tlm aijueouH vapour or by carrying it off in 
1 «inmm of ftnoiliof giw. Thus it is possible to obtain calcium carbon- 
mtm froiii lliiiii and earbcmic anhydride at a certain temperature above 
that at which dliioelatlon liogint, and conversely to decompose calcium. 
carlwMiatii at itm miiiii tumperaturo into lime and carbonic anhydride.**^ 
Al the cinliimry tei«|aimtur© the reaction of tb© firet order (combi- 
nation) ciiniiot procecti iMMiaime the necond (decomposition, dissociation). 

** E!i|»ri)piu '0 lifts bUmwii ihfttliy ),tftttially4»un»t limn with water and re- 

hwtliiii ll» li is n* 4riv» i4l th« lawt irat’im <»f cRrlKmio anhydride frtmi it, and that, 
If hltiwlug luf m tlirwugh t\m Umo, and mmi by uiing moist fuel, it .is 
ptiwilfle l«» id tht oalcimm ewboaat#. The partial pressure 
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ali.i'lii al a iMriam iBinp»»rfttur«, and that it iti aoH'loratod by a rise of temperatuw, 
bill it wa»ii« 4 «m*ist|«r»=tl |*4*w»Wi’ thfttoon»hiuati«>» <Mjuld pracood at the aiua© temperature 
m il»l ii«wa mu DorUudhit and Devillo introduoed the conception 

dt inUi nliatnteal ami elueidatod tlii quesUon of rtworiible reactions. 

ll» ittbjtnl is atill f*f quiitionsof the mte and eomplete- 

i4 slid intrudo tUttmitdves—hut on important stop hae 

hmm »*il» III ehwtiteftl and wo ImveitarUid cm a new path which promisee 

fwrH^ prnmf^ k*w»r4» whiih imioh hm Umn done not only by DeviUo himself, but more 
by dia Fretteh Debray, Trmmt, X^mmiim, Uautefoume, Lo Cimtelior, 

mA dfeliwit. kumm ihiisn investigakirs have shown the dote retembloace 

Ht* nht^nsmiotmof eva|Hiwii«maiid ditwHdatlon, and jiolnted outtliat the amount 
^ h*al hf a ditwlfttwf lubitenee may b# oriculatea ooeordlng to the law of 

f>f ibs»eolatkiiiqiri»wre, it* the iome manner as it it poflsible^to 

ih« lalniii hMt of tb* evaporation of water, knowing the variation of the tension 
fillh m ll» b»i^ of the mmmd law of the meehaniod theoi^r of heat. 

IMdIi d mUm% »««! h« hnikod for in tp«»W works on phytiod chemistry. One 
md tk» d Ih# a^ohoniod tiieory of heat is &^jfflioahU io diasociatton 
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ot take place, and thus all the most important phenomena with re- 
i to the behaviour of lime towards carbonic anhydride are explained 
carting from one common basis.’**’^ 

'Jcdcium carhonatey CaCOj, is sometimes met ^ith in nature in a 
alline form, and it forms an example of the phenomenon termed 
that is, it appears in two crystalline forms. When it 
bits combinations of forms belonging to the hexagonal system (six- 
I prisms, rhombohedra, &c.) it is called calc spar. Calc spar has a 
[fic gravity of 2*7, and is further characterised by a distinct cleav- 
blong the planes of the fundamental rhombohedron having an angle 
Perfectly transparent Iceland spar presents a clear example 
ouble refraction (for which reason it is frequently employed ia 
ical apparatus). The other form of calcium carbonate occurs in 
;als belonging to the rhombic system, and it is then called ardgon- 
Its specific gravity is 3*0. calcium carbonate be artificially 
uced by slow crystallisation at the ordinary temperature, it appears 
le rhombohedral form, but if the crystallisation be aided by heat it 
appears as aragonite. It may therefore be supposed that calc spar 
3 nts the form corresponding with a low temperature, and aragonite- 
, a higher temperature during crystallisation*^® 

But the question as to the formation of a basic calcium carbonate with a rise of 
srature still remains undecided. The presence of water complicates all the relations 
5 en lime and carbonic anhydride, all the more as the existence of an attraction 
>en calcium carbonate and water is seen from its being able to give a crystallo- 
xtBy CaC 03 , 5 H 20 (Pelonze), which crystallises in rhombic prisms of sp. gr. about 
ind loses its water at 20'’. These crystals are obtained when a solution of lime in 
■ and water is left long exposed to the air and slowly attracts carbonic anhydride 
it, and also by the evaporation of such a solution at a temperature of about 3°. 
18 other hand, it is probable that an acid salty CaHoCCOslj, is formed in an aqueous 
ion, not only because water containing carbonic acid dissolves calcium carbonate, 
Qore especially in view of the researches of Schloesing (1872), which showed that 
’ a litre of water in an atmosphere of carbonic anhydride (pressure 0*984 atmo- 
•e) dissolves 1*086 gram of calcium carbonate and 1*778 gram of carbonic anhydride, 
1 corresponds with the formation of calcium hydrogen carbonate, and the solution 
rhonic anhydride in the remaining water. Caro showed that a litre of water is able 
isolve as much os 3 grams of calcium carbonate if the pressure be increased to 4 and 
atmospheres. The calcium carbonate is precipitated when the carbonic anhydride 
>8 ofi in the air or in a current of another gas ; this also takes place in many natural 
gs. Tufa, stalactites, and other like formations from waters containing calcium 
>nate and carbonic add in solution are formed in this manner. The solubility of 
im carbonate itsdf at the ordinary temperature does not exceed 18 milligrams per 
of water. 

' Dimorphous bodies differ from true isomers and polymers in that they do not 
: in their chemical reactions, whidb. are determined by a difference in the distnhn- 
(motion) of the atoms in the "molecules, and therefore dimorphism is usually' 
bed to a difference in the distribution of similar molecules, building up a crystal.- 
ough. such a hypotiiesis is quite admissible in the spirit of the atomic and molecular 
7 , yet, as in such a redistribution of the molecules a perfect conservation of the 
Lbution of the atoms in them cannot be imagined, and in eyery effort of chemical 
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Calcmm Bidphate in conibiuation with two equivalents o£ watciv 
CaS04,2H^0, is very widely distributed in nature, and is known as 
ffi/pmim, Oy psum loses one and a half and two equivalents of water at 
a moderate temperature/^ and anhydrous or burnt gypsum is then 
obtained, which is also known as plaster of Paris, and is omployod in 
largo quantities for modelling/® This uso depends on the fact that 
burnt and finely- divided and sifted gypsum forms a paste when mixed 
with water ; after a certain time this paste becomes sliglitly lieattMl and 
solidifies, owing to the fact that the anhydrous calcium sulphate, OaSO^, 
again combines with water. When the plaster of Paris and water are 
first made into a paste they form a mechanical mixture, but when thei 
mass solidifici, then a compound of the calcium sulphate with two 
molecules of water is produced ; and this may bo regarded as derived 
from S(OH)g by the substitution of two atoms of hydrogen by ono atom 
of bivalent calcium. Natural .gypsum somotimoc appears as perfectly 
colourless, or variegated, marble-like, masses, and sometimes in perfectly 
oolourlea® crystals, mlmitSf of specific gravity 2 * 33 . The semi-trans- 
parent gypsum, or edabmUr, is often carved into small statues. Besides ' 

WMtiou mmfc tak® pise® fto^rfculu motion among tho atom®; bo fn my opinion there' 
1 ® no firm hail® for diitlnguiahing dimorphism from the general coneepfcion of IsomeriBrn,' 
under whieh the easea of those organlo bodies which are doxbro anti l»vo rotatory (wlthi 
respect to i^olarited light) have recently been brought with such brilliant flucocB®. When’ 
oahnuiu <*urhnnate aepfi-rateii out from BoluUon®, it ha® at firat a gclatiuouu uppearaiu*e,( 
which hmtltt to the etjppt'jsltion that thin salt appear® in a colloidal Btiite. It only erj’®- 
lalliBti with the progre®® of time. The colloidal atato of calcivnn ciirhonato is par- 
ticularly clear from the following observations made by Prof. B’amint 3 ;m, who showed 
that whin It »e|mrales from solution® it is obtained under certain condition® in tlio form 
of grains having the peculiar pastedike structure proper to starch, which fact has not 
only m indiipendent intercit, but presents an example of a mlnend substance being 
obtained in a form until then only known in the organic substanoos elaborated in plants. 
Thii ®how® that the fomt (cell®, vessel®, &c.) in which vegetable and animal subitancea 
oecnir in organiimi do not present in themselves anything peculiar to organisms, but arfr 
only thi result of tho»e particular conditions in which thiso iubitances arc formed. 
Traub© and sfterwanli Monnler and Vogt (1882) obtained formations wliich, under the 
inioro 8 ao|>i, woiw in ©very rfspeet Identical in api>earano@ with vegetable c«dls, by means 
of a ilmllar slow formation of precipitat#® (by reacting on solphate® of different metal® 
with iodlum iOieat# or oarlmate). 

^ Acccjrdiiif to l»i Chattlkr (1888), IIH^O li lost at 120 ®— that is, IL 40 , 2 CaR 04 ia 
formed, but at W4® all tint water i® expelled. According tt> Bheuit(iue and Cundall 
(18W8) gypsum begin® to lo«© water at 70® in dry air. The serai-hydraUid compound 
Hf 0 , 2 Ca 804 ii also fomied when gypium is heated with water in a closed vessel at 
(Hoppt-Sejkr). 

For »tuoeo»work it it usual to add lime and sand, as the mast it then harder and 
dooi not aolldlfy to quickly. For imitating marble, glue is added to tb© plaster, and the 
mast if polished when thoroughly dry. Ee burnt gypsum cannot be used over again, m 
that which has one# iolidlfltd is, like the natural anhydride, not able to recombine with 
water. II is evident that the structure of the molecule® in the crystalllied mati, or in 
ftneral to my dewii m»Mt exerts on influence on the chemical action, which is more 
IMurltoularly evident to metoli to their difierent form® (powder, exyatoUtoe, roUed, d^c.) 
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’which an anhydrous calcium sulphate, CaS 04 , called anhydrite (specific 
gravity 2-97), occurs in nature. It sometimes occurs along with gypsum. 
It is no longer capable of combining directly with water, and differs 
in this respect from the anhydrous salt obtained by gently ignit- 
ing gypsum. If gypsum be very strongly heated it shrinks and loses 
its power of combining with water.**® One part of calcium sulphate 
requires at 0° 525 partsof water for solution, at 38® 466 parts, and at 100® 
571 parts of water. The maximum solubility of gypsum is at about 36®, 
which is nearly the same temperature as that at which sodium sulphate 
is most soluble.**® 

As lime is a more energetic base than magnesia, so calcium chloride^ 
CaCl 2 , is not so easily decomposed by water, and its solutions only 
disengage a small quantity of hydrochloric acid when evaporated, and 
when the evaporation is conducted in a stream of hydrochloric acid it 
easily gives an anhydrous salt which fuses at 719®; otherwise an 
aqueous solution yields a crystallo-hydrate, CaCl 2 , 6 H 20 , which melts 
at 30® 

48 tis According to MacColeb, gypsum dehydrated at 200° has a specific gravity 
2*577, and heated to its point of fusion, 2*654. Potilitzin (1894) also admits the two 
above-named modifications of anhydrous gypsum, which, moreover, always contain the 
semi-hydrated hydrate (Note 47), and he explains by their relation to water the 
phenomena observed in the solidification of a mixture of burnt gypsum and water. 

AsMarignao showed, gypsum, especially when desicated at 120°, easily gives super- 
saturated solutions with respect to CaS04,2H20, which contain as much as 1 part of 
OaSO^ to 110 ports of water. Boiling dilute hydrochloric acid dissolves gypsum, 
forming calcium chloride. The behaviour of gypsum towards the alkaline carbonates 
lias been described in Chapter X. Alcohol precipitates gypsum from its aqueous 
solutions, because, like the sulphates in general, it is sparingly soluble in alcohol. 
Gypsum, like all the sulphates, when heated with charcoal, gives up its oxygen, forming 
He sulphide, CaS. 

Calcium sulphate, like magnesium sulphate, is capable of forming double salts, but 
with difficulty, and they are chemically less stable. They contain, as is always the case 
with double salts, less water of crystallisation than the component salts. Rose, Struvd, 
and others obtained the salt CaKr2(S04)2,B[2^ > mixture of gypsum with, an equivalent 
amount of potassium sulphate and water solidifies into a homogeneous mass. Fritzsche 
obtained the corresponding sodium salt in a hydrated and anhydrous state,, by heating a 
mixture of gypsum with a saturated solution of sodium sulphate. The anhydrous salt 
occurs m nature as glauherite. Fritzsche also obtained gayltmite, Na2Ca(C03)a,5Hi>0, 
"by poum^ a saturated solution of sodium carbonate on to frcHly-precipitated calcium 
oarbcmate. Calcium also forms basic salts, but only a few. Veeren (1892) obtained 
C^>(N03)2Ca(OBQ2}^I^O by leaving powdwced caustic lime in a saturated solution of 
CaCNOs)^ until it solidified. This salt is decomposed by water. 

50 Calcium chloride has a specific gravity 2*20, or, when fused, 2:12, and the sp. gr. of 
the crystaUised salt CaCl2,6£[20 1*69. If the volume of the crystals at 0°”1, then at 

^° it is 1*020,* and the volume of the fused mass at the same temperature is 1*118 (Kopp) 
(^cifio gravity of solutions, see Note 27). The solution- containing 60 pxs. CaCla boils 
at 130°, 70 pui. at 168®. Superheated steam decomposes calcium chloride with morediffi- 

Han magnesiTmi chlmdo and with greats ease than barium chloride (Kuhnheim). 
Soffinm does not decompose fused calcium chloride even on prolonged heating (Lida- 
Bodart), but an alloy of sodium with rino, lead, and bismuth deccnuposes it, forming an 
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Just as for potassium, K = 39 (and sodium, Na — 23), there are 
the near anal oguesj Rb = 85 and Cs = 133, and also another, Li = 7, so 

alloy of calcium with one of the ahove-named metals (Caron). The zinc alloy may be 
obtained with as much as 15 p.c. of calcium. Calcium chloride is soluble in alcohol and 
absorbs ammonia. 

A gram molecular weight of calcium chloride in dissolving in an excess of water 
evolves 18,728 calories, and in dissolving in alcohol 17,655 units of heat, according to 
Pickering. 

Koozeboom made detailed researches on the crystallo-hydrates of calcium chloride 
^(1889), and' found that CaCbjSHoO melts at 80°‘2, and is formed at low temperatures from 
jjSolutions containing not more than 103 parts of calcium chloride per 100 parts of water; 
if the amount of- salt (always to 100 parts of water) reaches 120 parts, then tabular 
crystals of CaCl2,4H20j3 are formed, which at temperatures above 88*4® are converted 
into the crystallo-hydrates CaCl2,2H20, whilst at temperatures below 18® the $ variety 
pass^ into the more stable CaCl2,4H30a, which process is aided by mechanical friction. 
Hence, as is the case with magnesium sulphate (Note 27), one and the same crystaJlo* 
hydrate appears in two forms — the /8, which is easily produced but is unstable, and 
ijhe a, which is stable. The solubility of the above-mentioned hydrates of chloride 
of calcium, or amount of calcium chloride per 100 parts of water*, is as follows 



0® 

20® 

80® 

40® 

60® 

CaCl2,6H20 

60 

76 

100 


(102*8) 

CaCl2j4H20a 

— 

90 

101 


(154*2) 

CaCl2,4H203 

— 

104 

114 

CaCl2)2H20 

— 

— 

(808*8) 

128 

187 


The amount of calcium chloride to 100 ports of water in the crystallo-^hydrate ts 
given in brackets. The point of intersection of the curves of solubility lies at about 
ipO® for the first two salts and about 45® for the salts with 4H2O and 2H2O. The crystals 
CaCl2,2H20 may, however, be obtained (Ditte) at the ordinary temperature from solu- 
tions containing hydrochloric acid. The vapour tension of this cr^ystallo-hydrate equals 
the atmospheric at 166®, and therefore the crystals may be dried in an atmosphere of 
steam and obtained without a mother liquor, whose vapour tension is greater. This 
crystallo-hydrate decomposes at about 176® into CaCl2,H20 and a solution ; this is easily 
brought about in a closed vessel when the pressure is greater than the atniospliere. 
This crystallo-hydrate is destroyed at temperatures above 260®, anhydrous calcium 
chloride being formed. 

Neglecting the unstable modification CaCl2,4H20j5, we will give the temperatures ; at 
which the passage of one hydrate into another takes place and at which the solution 
CaCl2+nH20, the two solids A and B and aqueous vapour, whose tension is given as p 
in millimetres, are able to exist together in stable equilibrium, according to Koozeboom's 


determinations : 
t 

n 

A 

B 

i> 

-55® 

14*5 

ice 

CaCl2,6H20 

0 

-f29*8® 

61 

CaCl2j6H20 

CaCl2,4H20 

6*8 

45*8° 

4*7 

CaCl2,4H20 

CaCl2,2H20 

irs 

176*6® 

21 

CaCl 2 , 2 H 30 

CaCl2,H20 

642 

260® 

1*8 

CaCla,HaO 

CaCla 

Several atmospheres 


Solutions of calcium chloride may serve as a convenient example for the study of thO 
supersaturated state, which in this case easily occurs, because different hydrates are 
formed. Thus at 25® solutions containing more than 88 parts of anhydrous calcitmi 
chloride per 100 of water will be supersaturated for the hydrate CaCl2,6H20. 

On the other hand, Hammerl showed that solutions of calcium chloride, whenfroaeib 
deposit ice if they contain less than 48 parts of salt per 100 of water, and If more the 
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l)arium cliloride, BaCl2, is obtained in solution, and the sulphur is dis- 
engaged as gaseous sulphuretted hydrogen, BaS.+ 2E[Cl=BaCl2 4-H2S. 
In this manner barium sulphate is converted into barium chloride,^® 
and the latter by double decomposition with strong nitric acid or 
nitre gives the less soluble barium nitrate, Ba(N03)2,^'‘ or with sodium 

dride, so that barium carbonate is formed. An equivalent mixture of sodium sulphate 
with barium or strontium sulphates when ignited with charcoal gives a mixture of 
sodium sulphide and barium or strontium sulphide, and if this mixture be dissolved in 
water and the solution evaporated, barium or strontium hydroxide crystallises out 
on cooling, and sodium hydrosulphide, NaHS, is obtained in solution. The hydroxides. 
BaH202 and SrH202 are prepared on a large scale, being ajpplied to many reactions ; for/ 
example, strontium hydroxide is prepared for sugar works for extracting crystaJlisabl^ 
sugar from molasses. 

We jnay remark that Boussingault, by igniting barium sulphate in hydrochloric acid 
gas, obtained a complete decomposition, with the formation of barium chloride. Attention 
should also be turned to the fact that Grouven, by heating a mixture of charcoal and 
strontium sulphate with magnesium and potassium sulphates, showed the easy decom- 
posability depending on the formation of double salts, such as SrS,K2S» which are easily 
soluble in water, and give a precipitate af strontium carbonate with-carbonio anhydride. 
In such examples as these we see that the force which binds double salts may play apart 
in directing the course of reactions, and the number of double salts of silica on the earth’s 
surface shows that nature takes advantage of these forces in her chemical processes. It 
is worthy of remark that Buchner (189S), by mixing a 40 per cent, solution of barium 
ckcetate with a 60 per cent, solution of sulphate of alumina, obtained a thick glutinous 
mass, which only gave a precipitate of BaS04 after being diluted with water. 

*5 Barium sulphate is sometimes converted into barium chloride in the following 
manner: finely-groimd barium sulphate is heated with coal and manganese'-chloride 
(the residue from the manufacture of chlorine). The mass becomes semi-liquid, 
and when it evolves carbonic oxide the heating is stopped. The following double decom- 
positions proceed during this operation : first the carbon takes up the oxygen from the 
barium sulphate, and gives sulphide, BaS, which enters into double decomposition with 
the chloride of manganese, MnC]2, forming manganese sulphide, MnS, which is insoluble 
In water, and soluble barium chloride. This solution is easily obtained pure because 
many foreign impurities, such as iron, remain in the insoluble portion with the man- 
ganese. The solution of barium chloride is ehiefly used for the preparation of barium 
sulphate, which is precipitated by sulphuric acid, by which means hcmmn sulphate is 
re-formed as a powder. This salt is characterised by the fact that it is ijnaoted on by 
the majority of chemical reagents, is insoluble in water, and is not dissolved by acids. 
Owing to this, artificial barium sulphate forms a pennonent white paint which is used 
instead of (and mixed with) white lead, and has been termed ^blane fix€’ or ‘permanent 
white. 

The solution of one part of calcium chloride at 20^* requires 1"86 part of water, the 
solution of one part of strontium chloride requires 1*88 part of water at the same tem- 
perature, and the solution of barium chloride 2*88 parts of water. The solubility of the 
bromides and^iodides varies in the same proportion. The chlorides of barium and stron- 
tium crystallise out from solution with great ease in eombinarion with water ; they form 
BaCl2,2H20 and SrCl2,6H20. The latter (which separates out at 40°) resembles the 
salts of Ca and Mg in composition, and l^tard (1892) obtained SrCl2,2H2^0 from sokitions 
at 90-180^ We may also observe that the crystallo-hydrates BaBr2,H20 and Ba]^7H20 
are known. 

The nitrates Sr(N03)2 (in the cold its solutions give a crystallo-hydrate containing 
4H2O) and Ba(N03)2 are so very sparingly soluble in water that they separate in conrid«r- 
oble quantities wheh a solution of sodium nitrate is added to Sk strong solution of either 
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calcmm (the carbonate, phosphate, borate, and oxalate) are insoluble 
in water 3 besides which the sulphate is only sparingly soluble. As 
a more energetic base than magnesia, lime forms salts, CaX 2 , which 
are distinguished by their stability in comparison with the salts 
MgXa ; neither does lime so easily form basic and double salts as 
magnesia. 

Anhydrous lime does not absorb dry carbonic anhydride at the 
ordinary temperature. This was already known by Scheele, and Prof. 
Schuliachenko showed that there is no absorption even at 360*^ It 
only proceeds at a red heat,'^* and then only leads to the formation 
of a mixture of calcium oxide and carbonate (Rose). But if the 
lime be slaked or dissolved, the absorption of carbonic anhydride 
proceeds rapidly and completely. These phenomena are connected 
with the dissociation of cdcium carlonate^ studied by Debray (1867) 
under the influence of the conceptions of dissociation introduced 
into science by Henri Saint-Claire Deville. Just as there is no 
vapour tension for non-volatile substances, so there is no dissociation 
tension of carbonic anhydride for calcium carbonate at the ordinary 

The act of heating brings the substance into that state of internal motion which is 
required for reaction. It should he considered that by the act of heating not only is the 
bond .l:>etween the parts, or cohesion of the molecules, altered (generally diminished), 
not only is the motion or store of energy of the whole molecule increased, but also that in 
all probability the motion of the atoms themselves in molecules undergoes a change. The 
same kind of change is accomplished by the act of solution, or of combination in general, 
judging from the fact that a dissolved or combined substance — ^for instance, lime with 
water — ^reacts on carbonic anhydride as it does under the action of heat. For the 
comprehension of chemical phenomena it is exceedingly useful to recognise cleariy this 
parallelism. Rose’s observation on the formation (by the slow diffusion of solutions of 
calcium chloride and sodium carbonate) of aragonite from dilute, and of calc spar from 
strong, solutions is easily understood from this point of view. As aragonite is always 
form ed from hot solutions, it appears that dilution with water acts like heat. The following 
experiment of Kiihlmaim. is particularly instructive in this sense. Anhydrous (perfectly 
dry) barium oxide does not react with monohydrated sulphuric acid, H2SO4 (containing 
neither free water nor anhydride, SO3). But H either an incandescent object or a moist 
substance is brought into contact with the mixture a violent reaction immediately begins 
(it is essentially the same as combustion), and the whole mass reacts. 

The inffuence of solution on the process of reaction is instructively illustrated by the 
following experiment. Lime, or barium oxide, is placed in a flask or retort having an 
upper orifice and connected wife a tube immersed in mercury. A funnel furnished with 
a stopcock and filled with water is fixed into the upper orifice of the retort, which is then 
filled with dry carbonic anhydride. There is no absorption. VThen a constant tem- 
perature is arrived at, the unslaked oxide is made to absorb all the carbonic anhydride 
by carefully admitting water. A vacuum is formed, as is seen by the mercury rising 
•in the neck of the retort, VTife water the absorption ’goes on to the end, whilst under 
the action of heat there remains the dissociating tension of 'the carbonic anhydride. 
Furthermore, we h^e see that, wife a certain resemblance, there is also a d&tlnction, 
dep^l^dng on the fact that at low temperatures calcium carbonate does not dissociate ; 
this det^mines the complete absorption of the earbonio anhydride in fee aqueous 
solution. 
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iure. J ust as every volatile substance has a maximum possible 
tension for every temperature, so also calcium carbonate has 
isponcling dissociation tension ; this at 770® (the boiling point 
urn) is about 85 mm. (of the mercury column), and at 930® (the 
)oint of Zn) it is about 520 mm. As, it the tension be greater^ 
11 be no evaporation, so also there will be no decomposition, 
took crystals of calc spar, and could not observe the least change 
at the boiling point of zinc (930®) in an atmosphere of carbomo 
le taken at the atmospheric pressure (760 mm.), whilst on the 
ind calcium carbonate may be completely decomposed at a 
wer temperature if the tension of the carbonic anhydride be 
low the dissociation tension, which may be done either by 
pumping away the gas with an air-pump, or by mixing it with 
her gas— that is, by diminishing the partial pressure of the 
3 anhydride, just as an object may be dried at the ordinary 
bture by removing the aqueous vapour or by carrying it off in 
Q of another gas. Thus it is possible to obtain calcium carbon- 
a lime and carbonic anhydride at a certain temperature above 
which dissociation begins, and conversely to decompose calciuia 
te at the same temperature into lime and carbonic anhydride.'*^ 
ordinary temperature the reaction of the first order (oombi- 
oannot proceed because the second (decomposition, dissociation). 


porionco lias BLown that by moiateuiiig partially-burnt limo with water and ro- 
t, it ii easy to driv© ofl the last traces of carbonic anhydride from it, and tliat, 
d, by blowing air or steam through tire lime, and even by using moist fuel, it .is 
bo aocelerate the decomposition of the calcium carbonate. The partial presitire 
sed by these means. 

fore the intaroduotion of Deville’s theory of dissociation, the modus o^mrandi of 
sitlons like that under consideration was understood in the sense that decompo- 
trts at a certain temperature, and that it is accelerated hy a rise of temperature, 
s not considered possible that combination could proceed at the same temperatore 
.t which decomposition goes on. Berthollet and Beville introduced the conception, 
brium into chWical sdeno®, and elucidated the question of reversible reactions. 
,y the subject is stiU far from being clear— the questions of the rate and complete- 
reaoWon, of oontaet, &o., still intrude themselves— but an important step hat 
id® in chemical mechanics, and we have started on a new path wliich promisee 
nogress, towards which much has been done not only by Deville himself, but more 
Ly by the French dremists Debray, Troost, Lemoine, HautefeuiUe, Ii® ChateUer, 
Mrs, Among other things those investigators have shown the close resemblance 
the phenomena of evaporation and diesooiatlon, and pointed out that th® amount 
sibsorbed by a dissociating substance may be calculated according to the law of 
ation of distodation-pressure, in exactly the same manner as it is possible to 
e the latmt heat of the evaporation of water, knowing the variation of the tension 
s temperatmre, on the basis of the second law of the mechanical theory cl heaK 
of this subject must be looked for in special works on physical chemistry. Ono 
t sam$ oow^Uon of the mechonicid theory of heat ^ ap^UodbU to dissomaUovk 
^oraiUm* 
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cannot take place, and thus all the most important phenomena with re» 
spect to the behaviour of lime towards carbonic anhydride are explained 
hy starting from one common basis.'*’^ 

Calcium carbonate, CaCO^,. is sometimes met ^^ith in nature in a 
crystalline form, and it forms an example of the phenomenon termed 
dinwrphiem — that is, it appears in two crystalline forms. When it 
exhibits combinations of forms belonging to the hexagonal system (six- 
sided prisms, rhombohedra, &c.) it is called calc spar. Calc spar has a 
specific gravity of 2*7, and is further characterised by a distinct cleav- 
age along the planes of the fundamental rhombohedron having an angle 
of 105®. Perfectly transparent Iceland spar presents a clear example 
of double refraction (for which reason it is frequently employed in 
physical apparatus). The other form of calcium carbonate occurs in 
crystals belonging to the rhombic system, and it is then called aragon- 
ite ; its specifiic gravity is 3*0. calcium carbonate be artificially 
produced by slow crystallisation at the ordinary temperature, it appeam 
in the rhombohedral form, but if the crystallisation be aided by heat it 
then appears as aragonite. It may therefore be supposed that calc spar 
presents the form corresponding with a low temperature, and aragonite- 
with a higher temperature during crystallisation.'*® 

.45 But the question as to the formation of a basic calcium carbonate with a rise of 
temperature still remains undecided. The presence of water complicates all the relations 
between lime and carbonic anhydride, all the more as the existence of an attraction 
between calcium carbonate and water is seen from its being able to give a crystallo^ 
hydrate, CaCOsjeH^O (Pelouze), which crystallises in rhombic prisms of sp. gr. about 
1*77 and loses its water at 20*^. These crystals ore obtained when a solution of lime in 
sugar and water is left long exposed to the air and slowly attracts carbonic anhydride 
from it, and also by the evaporation of such a solution at a temperature of about 3°. 
On the other hand, it is probable that an acid salt, CaH 2 (C 03 ) 2 , is formed in an aqueous 
'solution, not only because water containing carbonic acid dissolves calcium carbonate, 
but more especially in view of the researches of Schloesing (1872), which showed that 
at 16° a litre of water in an atmosphere of caxbonic anhydride (pressure 0*984 atmo- 
sphere) dissolves 1*086 gram of calcium carbonate and 1*778 gram of carbonic anhydride, 
which corresponds with the formation of calcium hydrogen carbonate, and the solution 
Of carbonic anhydride in the remaining water. Caro showed that a litre of water is able 
%o disBolye as much as 8 grams of calcium carbonate if the pressure be increased to 4 and 
more atmospheres. The calcium carbonate is precipitated when the carbonic anhydride 
passes off m the air cr in a current of another gas ; this also takes place in many natural 
springs. Tufa, stalactites, and other like formations from waters containing calcium 
carbonate and carbonic ac^ m. solution are formed in this manner. The solubility of 
calcium carbonate itself at the ordinary temperature does not exceed 18 milligrams per 
litre of water. 

4® Dimorphous bodies differ from true isomers and polymers in that they do not 
dider in their cheznical reactions, which are determined by a difference in the distribu- 
tion (motion) of the atoms in the ’molecules, and therefore dimorphism is usually* 
ascribed to a diRerenoe in tiie distributiou of similar molecules, buildimg up a crystal.- 
Although sudh a hypothesia is quite admissible in the spirit of the atomic and molecular 
theory, yet, as in such a xedistributian of the molecales a perfect conservation of the 
distribution of the atoms in then cannot be Imagmed, and in eyery efitort of chemical 
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Calcium sulphate in combination with two equivalents of water^ 
CaS04,2H20, is very widely distributed in nature, and is known as 
gypsum. Gypsum loses one and a half and two equivalents of water at- 
a moderate temperature/'^ and anhydrous or burnt gypsum is then 
obtained, which is also known as plaster of Paris, and is employed in 
large quantities for modelling.^® This use depends on the fact that 
burnt and finely- divided and sifted gypsum forms a paste when mixed 
with water ; after a certain time this paste becomes slightly heated and 
solidifies, owing to the fact that the anhydrous calcium sulphate, CaS04, 
again combines with water. When the plaster of Paris and water are 
first made into a paste they form a mechanical mixture, but when thej 
mass solidifies, then a compound of the calcium sulphate with two 
molecules of water is produced; and this may be regarded as derived 
from S(OH)g by the substitution of two atoms of hydrogen by one atom* 
of bivalent calcium. Natural .gypsum sometimes appears as perfectly 
colourless, or variegated, fnarble-like, masses, .and sometimes in perfectly 
colourless crystals, selenite, of specific gravity 2 * 33 . The semi-trans- 
parent gypsum, or alcbbaster^ is often carved into small statues. Besides 

reaction there must take place a certain motion among the atoms ; so in my opinion there'' 
is no firm basis for distinguishing dimorphism from the general conception of isomerism,' 
tinder which the cases of those organic bodies which are dextro and Isevo rotatory (withi 
respect to polarised light) have recently been brought with such brilliant success. "When* 
calcium carbonate separates out from solutions, it has at first a gelatinous appearance., i 
which leads to the supposition that this salt appears in a colloidal state. It only crys- 
tallises with the progress of time. The colloidal state of calcium carbonate is par*, 
ticularly clear from the following observations made by Prof. Famintzin, who showed. 
that when it separates from solutions it is obtained under certain conditions in the form- 
of grains having the peculiar paste-like structure proper to starch, which fact has not 
only an independent interest, but presents an example of a mineral substance being 
obtained in a form until then only known in the organic substances elaborated in plants. 
This shows that the forms (cells, vessels, &c-) in which vegetable and animal substancea 
occur in organisms do not present in themselves anything peculiar to organisms, hut aro' 
only the result of those particular conditions in which these substances are' formed. 
Traube and afterwards Monnier and Vogt (1882) obtained formations which, under the 
microscope, were in every respect identical in appearance with vegetable cells, by means 
of a similar slow formation of precipitates (by reacting on sulphates of different metals 
with sodium silicate or carbonate). 

According to Le Chatelier (1888), liH20 is lost at 120° — ^that is, H20,2CaS04is 
formed, but at 194° all the water is expelled. According to Shenstone and Cundall 
(1888) gypsum begins to lose water at 70° in dry air. The semi-hydrated compound 
H20,2CaS04 is also formed when gypsum is heated with water in a closed vessel at 
150° (Hoppe-Seyler). 

^ For stucco-work it is -usual to add lime and sand, as the mass is then harder and 
does not solidify so quickly. For imitating marble, glue is added to the plaster, and the 
mass is polished when thoroughly dry. Be burnt gypsum cannot be used over again, as 
that which has once solidified is, like the natural anhydride, not able to recombine with 
water. It is evident that Ihe structure of the molecules in the crystallised mass, or in 
general in any dense mass, exerts an influence on the chemical action, which is more 
fyartioularly evident in metals in their different forms (powder, crystalline, rolled, <ko.) 
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which an anhydrous calcium sulphate, CaS 04 , called anhydrite (specific 
gravity 2-97), occurs in nature. It sometimes occurs along with gypsum. 
It is no longer capable of combining directly with water, and differs 
in this respect from the anhydrous salt obtained by gently ignit- 
ing gypsum. If gypsum be very strongly heated it shrinks and loses 
its power of combining with water.^®'^^^ One part of calcium sulphate 
requires at 0° 525 parts of water for solution, at 38*^ 466 parts, and at 1 00^ 
571 parts of water. The maximum solubility of gypsum is at about 36®, 
which is nearly the same temperature as that at which sodium sulphate 
is most soluble.'*® 

As lime is a more energetic base than magnesia, so calcium chloride^ 
OaCl 2 , is not so easily decomposed by water, and its solutions only 
disengage a small quantity of hydrochloric acid when evaporated, and 
when the evaporation is conducted in a stream of hydrochloric acid it 
easily gives an anhydrous salt which fuses at 719° ; otherwise an 
aqueous solution yields a ciystallo-hydrate, CaCl 2 , 6 H 20 , which melts 
at 30° 50 

4» bi8 According to MacColeb, gypsnm dehydrated at 200<^ has a specific gravity 
2*577, and heated to its point of fusion, 2*654. Potilitzin (1894) also admits the two 
above-named modifications of anhydrous gypsum, which, moreover, always contain the 
semi-hydrated hydrate (Note 47), and he explains by their relation to water the 
phenomena observed in the solidification of a mixture of burnt gypsum and water. 

*‘3 As Marignac showed, gypsum, especially when desicated at 120°, easily gives super- 
saturated solutions with respect to CaS04,2H20, which contain as much as 1 port of 
CaS04 to 110 parts of water. Boiling dilute hydrochloric acid dissolves gypsum, 
forming calcium chloride. The behaviour of gypsum towards the alkaline carbonates 
lias been described in Chapter X. Alcohol precipitates gypsum from its aqueous 
solutions, because, like the sulphates in general, it is sparingly soluble in alcohol. 
Gypsum, like all the sulphates, when heated with charcoal, gives up its oxygen, forming 
the sulphide, CaS. 

Calcium sulphate, like magnesium sulphate, is capable of forming double salts, but 
■with difficulty, and they are chemically less stable. They contain, as is always the case 
with double salts, less water of crystallisation than the component salts, Bose, Struv(^, 
and others obtained the salt CaK2(S04)2,H20 ; a mixture of gyp^ton with an equivalent 
amount of potassium sulphate and water solidifies into a homogeneous mass. Fritzsche 
obtained the corresponding sodium salt in a hydrated and anhydrous state,, by heating a 
mixture of gypsum with a saturated solution of sodium sulphate. The anhydrous salt 
occurs in nature as glauberite, Fritzsche also obtained gaylimite, Na2Ca(C05)3,5HoO, 
"by pouring a saturated solution of sodium carbonate on to freshly-precipitated calcium 
oorbonate. Calcium also forms basic salts, but only a few. Veeren (1892) obtained 
Oa(N05)2Ca(0H)2,2iH20 by lea'vmg powdered caustic lime in a saturated solution of 
CalNOs)^ tmtil it solidified. This salt is decomposed by water. 

Calcium chloride has a specific gravity 2*20, or, when fused, 2*12, and the sp. gr. of 
the crystallised salt CaCl2,6H20 is 1*69. If the volume of the crystals at 0° =1, then at 
^9° it is 1*020, - and the volume of the fused mass at the same temperature is 1*118 (Kopp) 
(specific gravity of solutions, see Note 27). The solution -containing 50 p.c. CaCla boils 
at 180°, 70 p.c. at 158°. Superheated steam decomposes calcium chloride with more diffi- 
culty than magnesium chloride and with greater ease than barium chloride (Kuhnheim), 
Sodium does not decompose fused calcium chloride even on prolonged heating 
Bodart), but an alloy of sodium with zino, lead, and bismuth decomposes it, fornung an 
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Just as for potassium, K = 39 (and sodium, Na ~ 23), there are 
$he near anal oguesj Eb = 85 and Cs = 133, and also another, Li = 7, so 

alloy of calcium with one of the above-named metals (Caron). The zinc alloy may be 
obtained with its much as 15 p.c. of calcium Calcium chloride is soluble in alcohol and 
absorbs ammonia. 

A gram molecular weight of calcium chloride in dissolving in an excess of water 
evolves 18,728 calories, and in dissolving in alcohol 17,555 units of heat, according to 
Pickering. 

Roozeboom made detailed researches on fcho crystallo-hydrates of calcium chloride 
(1889), and' found that CaCbjOHjO molts at 80®‘2, and is formed at low temperatures from 
jfSolutions containing not more than 103 parts of calcium chloride per 100 parts of water ; 
if the amount of- salt (always to 100 parts of water) roaches 120 parts, then tabular 
cirystals of CaCl2,4H303 are formed, which at temperatures above 88*4® are converted 
into the crystallo-hydrates CaCl2,2H20, whilst at temperatures below 18^ the 0 variety 
passe's into the more stable CaClg,4H^jOa, which process is aided by mechanical friction. 
Hence, as is the case with magnosimn sulphate (Note 27), one and the same crystallo* 
hydrate appears in two forms — the /3, which is easily produced but is unstable, and 
^he Of which is stable. The solubility of the abovo-montionod hydrates of chloride 
of calcium, or amount of calcium chloride per 100 parts of water, is as follows 
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The amount of calcium chloride to 100 parts of water in the orystallo-hydrate ia 
given in bractcots. The point of intersection of tho curves of solubility lies at about 
^0” for the first two salts and about 45° for tho salts with 4H3O and 2H3O. The crystals 
CaCl3,2H20 may, however, bo obtained (Ditto) at the ordinary tomporaturo from solu- 
tions containing hydrochloric acid. The vapour tension of this crystallo-hydrato equals 
tho atmospheric at 165°, and therefore tho crystals may bo dried in an atmosphoro of 
etoam and obtained without a mother liquor, whoso vapour tension is greater. This 
crystallo-hydrato decomposes at about 175° into CaClsjHjO and a solution i this is easily 
brought about in a closed vessel when the pressure is greater than the atmosphere. 
This crystallo-hydrato is destroyed at temperatures above 200°, anhydrous calcium 
chloride being formed. 

Neglecting tho unstable naodiflcatlon wo will give tho temperatures 0 at 

which tho passage of one hydrate into another talros place and at which tho solution 
CaCla+nHaO, tho two solids A and B and aqueous vapour, whose tension is given as p 
in millimetres, are ablo to exist together in stable oquIHbrium, according to Eoozeboom*d 
dotorminations : 
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Solutions of calcium chloride may serve as a convenient example for the study of fchS 
supersaturated state, which in tlfis case easily occurs, because difiorent hydrates are 
formed. Thus at 25° solutions containing more than 68 parts of anhydrous oalciUiu 
chloride per 100 of water will be supersaturated for the hydrate CaCl2,6HaO. 

On the other hand, Hammerl showed that solutions of calcium chloride, wfien froaeib 
deposit ice if they contain less than 48> ports of salt per 100 of water, and it more tho 
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in exactly the same manner for calcium, Ca = 40 (and magnesium. 
Mg = 24), there is another analogue of lighter atomic weight, 
beryllium, Be = 9, besides the near analogues strontium, Sr = 87, and 
barium, Ba = 137. As rubidium and caesium are more rarely met 
with in nature than potassium, so also strontium and barium are rarer 
than calcium (in the same way that bromine and iodine are rarer than 
chlorine). Since they exhibit many points of resemblance with calcium, 
strontium and barium may be characterised after a very short acquain- 
tance with their chief compounds ; this shows the important advantages 
gained by distributing the elements according to their natural groups, 
to which matter we shall turn our attention in the next chapter. 

Among the compounds of barium met with in nature the commonest 
is the sulphate^ BaS 04 , '^hich forms anhydrous crystals of the rhombic 
system, which are identical in their crystalline form with anhydrite, 
and generally occur as transparent and semi-transparent masses of 
tabular crystals having a high specific gravity, namely 4*45, for which 
reason this salt bears the name of heavy spar or barytes. Analogous to 
it is celestiney SrS 04 , which is, however, more rarely met with. Heavy 
spar frequently forms the gangue separated on dressing metallic ores 
from the vein stuff; this mineral is the. source of all other barium 
compounds; for the carbonate, although more easily transformed 
into the other compounds (because acids act directly on it, evolving 
carbonic anhydride), is a comparatively rare mineral (BaCOs forms 
the mineral witherite ; SrCOa, strontianite ; both are rare, the 
latter is found at Etna). The treatment of barium sulphate is 
rendered difficult from the fact, that it is insoluble both in water and 
acids, and has therefore to be treated by a method of reduction.^* 
Like sodium sulphate and calcium sulphate, heavy spar when heated 
with charcoal parts with its oxygen and forms barium sulphide, BaS. 
For this purpose a pasty mixture of powdered heavy spar, charcoal, 
and tar is subjected to the action of a strong heat, when BaS 04 
-f40=BaS+4C0. The residue is then treated with water, in which 
the barium sulphide is soluble.^^ “When boiled with hydrochloric acid, 

erystallo-hydxat© CaCbjCHaO separates, and that a solution of the above composition 
<CaCla,14H20 requires 44*0 parts calcium chloride per 100 of water) solidifies as a cryo- 
hydrate at about —65®. 

The action of barium sulphate on sodium and potassium carbonates is given on 
p. 487. 

52 Barium sulphide is decomposed by water, BaS+2B[20=H2iS+Ba(0H)4 (the reac- 
tion is reversible), but both substances are soluble in water, and their separation is coroh 
idicated by the fact that barium sulphide absorbs oxygen and gives insoluble barium 
sulphate. The hydrogen sulphide is sometimes removed from the solution by boiling 
with the oxides of a)pper or zinc. If sugar be added to a solution of barium sulphide* 
barium saccharate is precipitated on heating ; it is decomposed by carbonic onhy* 
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l^arium cliloride, BaCLi, is obtained in solution, and the sul})hur is die- 
engaged as gaseous sulphuretted hydrogen, BaS.-f 2HCl=BaCl2 + H 2 S. 
In this manner barium sulphate is converted into barium chloride,®^ 
and tho latter by double decoinpositxon with strong nitric acid or 
nitre gives the less soluble barium uitnito, Ba(NOj) 2 ,*’* or with sodium 

drido, so that barium carbonate Is iormod. An equivalent mixture of sodium sulphate 
with barium or strontium sulphates whoa Ignited with charcoal gives a mixture of 
sodium sulphide and harium or strontium sulphide, and if this mixture ho disHulved in 
water and tho solution evaporated, barium or strontium hydroxide erystallisea out 
on cooling, and sodium hyclrosulphido, NallB, Is obtained in solution. The hydroxide! . 
BallaOjj and SrII.j|Oa are prepared on a largo setdo, being applied to many rtiactions ; for/ 
oxamxde, strontium hydroxide is prepared for stigar works for extracting crystallisabla 
sugar from molasses. 

wc may remark that Boussingault, by igniting barium sulphate in hydroclilorio acid 
gas, obtained a complete decomposition, with tho formation of barium chloride. Attention 
should also bo turned to the fact that Crouven, by heating a mixture of charcoal and 
stroutium sulphate with magnesium and potassium sulphates, showed tho easy deeom- 
posability depending on tlio formation of double salts, such an SrBjK^B, which are easily 
soluble in water, and give a precipitate af strontium carbonate wiUi carbonic anhydride. 
In such estamples as these we see that the force which binds double salts may play apart 
In directing the course of reaotlons, and the number of double salts of alUoa on th© earth’® 
surface shows that nature takes advantage of these forces in her chemical procastes. It 
Is worthy of remark that Budmor (1808), by mixing a 40 per cent. »olution of barium 
acetate with a 60 per cent, solution of sulphate of alornina, obtained a thick glutlnou® 
mass, wluch only gave a precipitate of Ba804 after being diluted with water, 

*3 Barium sulxihato is sometimes converted into barium chloride in the following 
manner: finely- ground barium sulphate is heated with coal and manganoso ohlurido 
(th© residua from th© manufacture of chlorine). Th© masH becomes semi-liquid, 
and when it evolves carhemio oxide the heating is stopinsd. Tho following double decom- 
positions proceed during this operation : firat tho carbon bvltos uj) the oxygon from th© 
barium sulxihato, and given suliihide, BaS, which enters into double deoompositimi with 
the chloride of mangancH©, MnOIg, forming inaaganes© sulphide, MaS, which is insoluble 
in water, and soluble barium oliloride. This solution is easily obtained pur© bemuse 
many foreign impuritits, such as iron, remain in the insoluble portion with the man- 
gauoM. The solution of barium chloride is chiefly used for the preparation of barium 
sulphat©, which is precipitated by sulphuric acid, by which means hmimn wn^haie i® 
re-formed as a powder. This salt is characterised by th© fact that it Is ^nactM on by 
the majority of chemical reagent®, is insoluble in water, and Is not dissolved by adds. 
Owing to this, artificial barium sulphate forms a permanent wldte paint which is used 
fasteoA of (tmd mixed wiidi) whit© lead, and has boon temmd ^ blano flxd ’ or ‘ penwaaent 
white. 

The solution of one part of calcium chloride at SO® requires I'SO part of water, tlx© 
solution of one |mrt of strontium clilorid© requires 1'88 part of water at tho same tore- 
peraturo, fwnd th© sdutiou of barium chloride 2'86 parts of water. The solubility of tho 
bromides and‘‘iodid#i vorlei in th© sam© proportion. Tho oWorldos of barium and stron- 
tium crystftlllM out from solution with great ©as© in oomhinaMon with water ; they form 
BaCla, 211^0 and SrCl^,6HaO. The latter (whioh separates out at 40®) resembles tho 
salts of Oa and Mg in composition, and ifitard (1892) obtained Br01a,2H^O from solutions 
at 0O*“18O^. W© may also observe that the crystoUo-hydmtes BaBrg^HfO and Bal^yHaO 
ore Imown. 

a* Th© nitrates 8r{NOs)a (in th© cold its solutions give a crystallohydrat© containing 
4HgO) and Ba(NOdi mr© so very sparingly soluhle in water that they separate in considw- 
®bl© quantities wh^ a solution of sodium nitrate is added to a strong soluUon of eitto 
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carbonate a precipitate of barium carbonate, BqlCO^. Both these saltd 
are able to give barium oxide^ or baryta^ BaO, and the hydroxide, 
Ba(HO)2, which differs from Hme by its great solubility in water, 
and by the ease with which it forms a crystallo-hydrate, BaH202,8H20, 
from its solutions. Owing to its solubility, baryta is frequently 
employed in manufactures and in practical chemistry as an alkali 
which has the very important property that it may be always entirely 
removed from solution by the addition of sulphuric acid, which entirely 
separates it as the insoluble barium sulphate, jBaS04. It may also be 
removed whilst it remains in an alkaline state (for example, the 
excess which may remain when it is used for saturating acids) by 
means of carbonic anhydride, which also completely precipitates baryta 
as a sparingly soluble, colourless, and powdery carbonate. Both these 
reactions show that baryta has such properties as would very greatly 
extend its use were its compounds as widely distributed as those of 
sodium and calcium, and were its soluble compounds not poisonous. 
Barium nitrate is directly decomposed by the action of heat, barium 
oxide being left behind. The same takes place with barium car* 
bonate, especially that form of it precipitated from solutions, and 
when mixed with charcoal or ignited in an atmosphere of steam. 
Barium oxide combines with water with the development of a large 
amount of heat, and the resultant hydroxide is very stable in its reten- 
tion of the water, although it parts with it when strongly ignited. 
With oxygen the anhydrous oxide gives, as already mentioned in 

barium or strontium chloride. They are obtained by the action of nitric acid on the carbon- 
ates or oxides, IQO paris of water at 15^^ dissolve. 6'5 parts of strontium nitrate and 
parts of barium nitrate, whilst more than 800 parts of calcium nitrate are i^oluble at the 
same temperature. Strontium nitrate communicates a crimson coloration to the flame of 
burning substances, and is therefore frequently used for Bengal fire, fireworks, and signal 
lights, for which purpose the salts of lithium are still better fitted. Calcium nitrate is 
exceedingly hygroscopic. Barium nitrate, on the contrary, does not show this property 
in the least degree, and in this respect it resembles potassium nitrate, and is therefore 
used instead of the latter for the preparation of a gunpowder which is called * saxifragin 
powder' (76 parts of barium nitrate, 2 parts of nitre, and 22 parts of charcoal). 

55 The dissociation of the crystallo-hydrate of baryta is given in. Chapter L, Note 66. 
iOO parts of water dissolve 
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Bupersaturated solutions are easily formed. 

The anhydrous oxide. BaO fuses in the oxyhydrogen Ahme. When ignited in the 
vapoUr of potassium, the latter takes up the oxygen ; whilst in chlorine, oxygen is sepa- 
rated and barium chloride formed, 

Brugdlmann, by heating BaKpO^ in a graphite or clay crucible, obtained BaO 
In needles, gr. 6*62, and by heating in a platinum crucible— Jn crystals belonging to 
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Chapters III. and IV., a p&roodde, Neither calcium nor 

strontium oxides are able to give such a peroxide directly, but they 
form peroxides under the action of hydrogen peroxide. 

Barium oxide is decomposed when heated with potassium ; fused 
barium chloride is decomposed, as Davy showed, by the action of a 
galvanic current, forming metallic barium ; and Crookes (1862) obtained 
an amalgam of barium from which tho mercury could easily bo driven 
off, by heating sodium amalgam in a saturated solution of barium 
chloride. Strontium is obtained by the same processes. Both metals 
are soluble in mercury, ax>d seem to be non-volatile or only very slightly 
volatile. They are both heavier than water; the specific gravity 
of barium is 3*6, and of strontium 2*5. They both decompose water at 
the ordinary temperature, like the metals of tho alkalis. 

Barium and strontium as saline elements are characterised by theit 
powerful basio properties, so that they form acid salts with difiiculty, 
and scarcely form basic salts. On comparing them together and with 
calcium, it is evident that the alkaline properties in this group (as in 
the group potassium, rubidium, oasium) increase with the atomic 
weight, and this succession clearly shows itself in many of their corre- 
sponding compounds. Thus, for instance, the solubility of the 
hydroxides RHjOa and the specific gravity^^ rise in passing from 
calcium to strontium and barium, while the solubility of the sulphates 


the cutioai system, sp. gr. 6*74. 8 rO is obtained in tho IntUn- form from the nitrate* 
JTho following are the «peoifie gravities of tlio oxides from differout souwos 
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w The property of barium oxide of absorbing oxygen when heated, and gitdng the 
peroxide, BaOg, is very olwMaoteristie for this oxide {U 0 Chapter III., Note 7). It only* 
belongs to tho anhydrous oxide. The hydroxide does not absorb oxygen. Peroxides of 
calcium and itrouiium may be obtained by moans of hydrogen peroxide. Barium per- 
oxide ig insoluble in water, but ia able to form a hydmto with it, and deo to coinbino 
with hydrogen poroxid®, forming a very unutablo compound having Uio coinpositiou 
BaHa 04 (obtained by Professor Behbne), whieh in course of time evolves oxygon (Cbap- 
tw IV., Note 21). 

Even in, solutions a gradual progression in the increase of the specific gravity showpi 
Iteelf, not only for equivalent solutions (for instance, RCla+WOH<jtO), but even with m 
equal peroentago oomposltion, as is seen from the curves giving the specifto gravi^ 
(water 4^*10,000) at lb® (for barium chloride, according to Bourdlakoffs detenninns* 
lkmg)i 

BeCb J S-.0,99a4-67*21jp + O*lIlp» 

CaCls ; S«9,99a+a0'24p + 0’476p» 

SrCb ;B«0,0£)2d.85'67i> + O788y« 

BaCl^: 8«9,992+8a‘5ap + 0-818^ 
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decreases,*® and therefore in the case of magnesium and beryllium, as 
metals whose atomic weights are still less, we should expect the solu- 
bility of the sulphates to be greater, and this is in reality the case. 

Just as in the series of the alkali metals we saw the metals potas- 
eium, rubidium, and caesium approaching near to each other in their 
properties, and allied to them two metals having smaller combining 
weights — namely, sodium, and the lightest of all, lithium, which all 
exhibited certain peculiar chamcteristic properties — so also in the case 
of the metals of the alkaline earths we find, besides calcium, barium, 
and strontium, the metal magnesium and also beryllium or glucimtm. 
In respect to the magnitude of its atomic weight, this last occupies the 
same position in the series of the metals of tlie alkaline earths as lithium 
does in the series of the alkali metals, for the combining weight of 
beryllium, Be or GlssQ. This combining weight is greater than that 
of lithium (7), as the combining weight of magnesium • (24) is greater 
than that of sodium (23), and as tliat of calcium (40) is greater than 
that of potassium (39), Beryllium was so named because it occurs 
in the mineral heryL The metal is also called glucinum (from the 
Greek word yXvKvs, * sweet because its salts have a sweet taste. It 
occurs in beryl, aquamarine, the emerald, and other minerals, which 
are generally of a green colour j they are sometimes found in consider- 
able masses, but as a rule are comparatively rare and, as transparent 
crystals, form precious stones. The composition of beryl and of the 
emerald is as follows : Al 203 , 3 Be 0 , 6 Si 02 . The Siberian and Brazilian 
beryls su*e the best known. The specific gravity of beryl is about 2*7. 
Beryllium oxide, from the feebleness of its basic properties, presents 

68 One part of calcitim sulphate at the ordinary temperature requires about 600 porta 
of wat^ for solution, strontium sulphate about 7,000 parts, barium sulphatojibout 400,000 
parts, whilst beryllium sulphate is easily soluble in water. 

68 We tetex beryllium to the class of the bivalent metals of the alkaline earths — that 
Is, we ascribe to its oxide the formula BeO, and do not consider it as tri valent (Be =18*6, 
Chapter YII., Note 21), although that view has been upheld by many chemists. The true 
atomic composition of beryllium oxide was fUrst given by the Russian demist, Avd^efi 
(1812), in his researidies on the compounds of this metal. He compart the compounds of 
to & 08 e ci magnesium, and refuted the notion prevalent at the time, of the 
.t^seixddasEica between oxides of berylHum and aluminium, by proving that beryllium 
stdphate presents a gr^Eter resemblanoe to magnesium sulphate than to aluminium 
aulphat^ Xt was anpeo&illy noticed that the an^ogues of alumina give alums, whilst 
berylhum oadd^ aSthoui^ it is a feeble base, easily giving, like magnesia, basic and 
double salts, does imt form true alums. The establishment of the periodic system of the 
elem^ts (18^), considered in the following chapter, immediately indicated tli^t' 
Avd^fPs view corr^Donded with the truth— that is, that beryllium is bivalent, 
which therefore necessitated Ihe denial of its trivalency. This scientific controversy, 
testdtedinakmg smies of researches (1^0-80) concerning this element, and ended in 
Klson and P^emon-^o of the chief advocates-of the trivalmicy of berylUum— deter* 
trmiing Hie vspcimr BeC^ (o40. Chapter VH, Note 21), which gave m 

undoubted proof ot Its bfvaleiicy fees also Note^ 
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mi analogy to aluminium oxide in the same way that lithium oxide is 
analogous to magnesium oxide.®® Owing to its rare occurrence in nature, 
to the ahsonoe of any especially distinct individual properties^ and to 
the possibility of foretelling them to a certain extent on the basis of the 
periodic system of the elements given in the following chapter, and 
owing to the brevity of this treatise, wo will not discuss at any length 
the compounds of beryllium, and will only observe that their 
individuality was pointed out in 1798 by Vauquelin, and that 
metallic beryllium was obtained by Wohler and Bussy. Wohler 
obtained meUdlio beryllium (like magnesium) by acting on beryllium 
chloride, BoOlg, with potassium (it is best prepared by fusing 
KaBoF 4 with Na), Metallic beryllium has a specific gravity 1*64 
(Nilson and Pettersson). It is very infusible, melting at nearly 
the same tomporaturo as silver, which it resembles in its white 
colour and lustre. It is characterised by the fact that it is very diffi- 
cultly oxidised, and even in the oxidising flame of the blowpipe is only 
superficially covered by a coating of oxide ; it does not bum in pure 
oxygen, and does not decompose water at the ordinary tergiperature or 

^ BorylUuin oxide, like aluminium oxldo, is prooipitated hrom solutions of its salts 
by alkalis as a gelatinous hydroxide, B0H3O3, which, like alumina, is soluble in an excess 
of caustic potash or eoda. This reaction may be taken advantage of -for distinguishing 
and seimrating beryllium from aluminium, because when the alkaline solution is diluted 
with water and boiled, beryllium hydroxide is precipitated, whilst the alumina remains 
In solution, XlTie solubility of the beryllium oxide at once clearly indicates its feeble 
basic propertius, and, as it wore, separates this oxide from the class of the alkaline earths. 
But on arranging the oxides of tlm above-described motols of the alkaline earths accord* 
Ing to their decreasing atomic weights we have the series 

BaO, SrO, CaO, MgO, BeO, 

in which the basic properties and solubility of the oxides consecutively and distinctly 
decrease until wo reach a point when, hod we not known of the existence of the beryllium 
oxide, we should expect to find in its place an oxide insoluble in water and of feeble basic 
properties. If an alooholio solution of caustic potash be saturated with the hydrate of 
BeO, and evaporated under the receiver of an air pump, it forms silky crystals BeKaOj. 

Another c'liaractoristio of the salts of beryllium is that they give with aqueous am. 
monia a gelatinous precipitate which is soluble in an excess of ammonium carbonate 
like the precipitate of magnesia; in tiiie boryUium oxide differs from the oxide of 
eduminium. Beryllium-oxide easily forms a carbonate which is insoluble in water, and 
reficmbles magnesium carbonate in many respects. Beryllium sulphate is distinguished 
by iti considerable solubility in watej>-thus, at the ordinary temperature it dissolves 
in an equal weight of water ; it crystallises out from its solutions in well-formed crystals, 
which do not change in the air, and oontoin BeS04,4Hg0. When ignited it leaves 
beryllium oxide, but this oxide, after prolonged ignition, is re-dissolved by sifiphurio acid, 
whilst aluminium sulphate, after a similar treatment, leaves aluminium oxide, which is 
no longer soluble In acids. With a few exceptions, the salts of beryllium crystallise with 
great difficulty, and to a considerable extent resemble the salts of magnesium; thus, for 
initanoe, beryllium chloride is analogous to magnesium chloride. It is volatile in an 
anhydrous state, and in a hydrated state it decomposes, with the evolution of hydro* 
««hlorio acid. 
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at a red heat, but gaseous hydrochloric acid is decomposed by it when 
slightly heated, with evolution of hydrogen and development of a con- 
siderable amount of heat. Even dilute hydrochloric acid acts in the 
same manner at the ordinary temperature. Beryllium also acts easily 
on sulphuric acid, but it is remarkable that neither dilute nor strong 
nitric acid acts on beryllium, which seems especially able to resist 
oxidising agents. Potassium hydroxide acts on beryllium as on 
aluminium, hydrogen being disengaged and the metal dissolved, but 
ammonia has no action on it. These properties of metallic beryllium 
seem to isolate it from the series of the other metals described in this 
chapter, but if we compare the properties of calcium, magnesium, and 
beryllium we shall see that magnesium occupies a position intermediate 
between the other two. Whilst calcium decomposes water with great 
ease, magnesium does so with difficulty, and beryllium not at all. The 
peculiarities of beryllium among the metals of the alkaline earths recall 
the fact that in the series of the halogens we saw that fluorine differed 
from the other halogens in many of its properties and had the smallest 
atomic weight. The same is the case with regard to beryllium among 
the other metals of the alkaline earths. 

In addition to the above characteristics of the compounds of the 
metals of the alkaline earths, we must add that they, like the 
alkali metals, combine with nitrogen and hydrogen, and while sodium 
nitride (obtained by igniting the amide of sodium. Chapter XII., 
Note 44: bis) and lithium nitride (obtained by heating lithium in nitrogen, 
Chapter XIII., Note 39) have the composition . R 3 N, so the nitrides 
of magnesium (Note 14), calcium, strontium, and barium, have the 
composition B 3 N 2 , for example, BasNj, as might be expected from the 
diatomicity of the metals of the alkaline earths and from the relation of 
the nitrides to ammonia, which is obtained from all of these compounds 
by the action of water. The nitrides of Ca, Sr, and Ba are formed 
directly (Maquenne, 1892) by heating the metals in nitrogen. They all 
have the appearance of an amorphous powder of dark colour ; as 
r^aards their reactions, it is known that besides disengaging ammonia 
with water, they form cyanides when heated with carbonic oxide j for 
instance, Ba^Nj -b 200 s=a Ba(CN )2 + 2 BaO.®i 

The metals of the alkaline earths, just like Na and K, absorb 
hydrogen under certain conditions, and form pulverulent easily oxidis- 
able metallic hydrides, wffiose composition corresponds exactly to that 
of Na^H and K 2 H, with the substitution of K 2 Na 2 by the atoms 

Tkits in ttie nitndes of the metals we liare snbstances by means of which we can 
easHy obtam tlie nitirogen of the air, not only ammonia, but also with the aid c® 
CO, by synthesis, a whole series of complex carbon and nitrogen copipounds. 
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Be, Mg, Ca, Sr, and Ba. The hydrides of the mstoh of the alkaline 
earths were discovered by 0. Winkler (1891) in investigating the 
reducibility of these metals by magnesium. In reducing their oxides 
by heating them with magnesium powder in a stream of hydiogmi, 
Winkler observed that the hydrogen was absorbed (but veiy slowly), i,e, 
at the moment of their separation all the metals of the alkaline earths 
combine with hydrogen. This absorptive power increases in passing 
from Be to Mg, Ca, Sr, and Ba, and the resultant hydrides retain the 
combined hydrogen when heated, so that these hydrides are distin- 
guished for their considerable stability under heat, but they oxidise 
very easily.®^ 

Thus the analogies and correlation of the metals of these two grouj® 
are now clearly marked, not only in their behaviour towards oxygen, 
chlorine, acids, &c., but also in their capability of combining with 
nitrogen and hydrogen. 

Aa tlie hydridea of calcium, magnesium, &o. are very stable under the acUwi of 
heat, and these metals and hydrogen occur in the sun, it is likely that ibe formayon of 
their hydrides may take place there. (Private communication from Prof. 1804.) 

It is probable that in the free metals of the alkaline earths hitherto obtained a porticnl 
was frequently in combination with nitrogen and hydrogen. 

^ Thus, for instance, a mixture of 56 parts of CaO and 24 parts of magnesium powd^ 
is heated in an iron pipe (placed over a row of gas burners as in the combustion furnace 
used for organic analysis) in a stream of hydrogen. After being heated for J hour the 
mixture is found to absorb hydrogen (it no longer passes over the mixture, but is retained 
by it). The product, which is light grey, and slightly coherent, disengages a mass of 
hydrogen when water is poured over it, and bums when heated in air. The resultant 
mass contains 88 per cent. CaH, about 28 per cent. CaO, and about 88 per cent. MgO. 
Neither CaH nor any other MH has yet been obtained in a pure state. 

The acetylene derivatives of the metals of the alkaline earths CjM (Chaptm: VHL, 
Note 12 bis), for instance, C^Ba, obtained by Maquenne and Moissan, belong to the same 
class of analogous compounds. It must here be remarked that the oxides MO of the 
metals of the alkaline earths, although not reducible by carbon at a furnace heat, yet 
under the action of the heat attained in electrical furnaces, not only give up their oxygen 
to carbon (probably partly owing to the action of the current), but also combine wiih car- 
bon, The resultant compounds, C 2 M, evolve acetylene, Cj^^, with HCl, just as N 2 MJ 
give ammonia. We may remark moreover that the series of compounds of the metals of 
the alkaline earths with hydrogen, nitrogen and carbon is a discovery of recent year^ and 
that probably further research will give rise to similar unexpected compounds, and by 
extending our knowledge of their reactions prove to be of great interest. 



